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BOOK IV. — CONTINUED. 


GEOTEOTONIO (STRUCTURAL) GEOLOGY, 

OR THE AROIHTECTURE OF TUB EAUTIl’S CRUST. 

Part VII. ERuravE (Igneous) Rocks as Part of the Struoturb 
OF THE Earth’s Crust. 

The lithological differcncos of eruptive rocks having jilrcady boon 
described in Book 11. (p. lO.’i), it is their larger features in the field that 
now require attention, — ^features which, in some cases, arc readily ex- 
plicable by the action of modern volcanoes j and which, in other aisoR, 
by bringing before ns parts of the economy of volcanoes never observable 
in any recent cone, reveal deep-seated rock-stmeturos that lie beneath the 
upper or volcanic Kono of the terrestrial crust. A study of the igneous 
rocks of former ages, ivs built up into the fiumework of the cnrst, thus 
serves to augment our knowledge of volcanic action. 

At the outset, it is evident that if eruptive rocks have been o.\trude<l 
from below in all geological ages, and if, at the same time, denudation of 
the land has been continuously in progress, many masses of molten 



Flu. ‘iya.-KxUniHlvcly-iU'Uwlcil Vokuiilc 


tmiteriiil, poured out at the surface, must have boon removed. But tlio 
removal of those supoi-ficial shoots would uncover their roots or downward 
prolongations, and the gi'eator the deniuiation, the deeper down must 
have boon the original position of the rocks now exposed to daylight. Fig. 
293, for example, shows a district in which a series of tuffs and breccias 
{hh) traversed by dykes (aa) is covered unconformably by a newer series 
of deposits (d). Properly to apju-ceiate the relations and history of thesis 
rocks, Ave must boar. in mind that originally they may have presented 
VOL. n ji 
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aome such outline as in Fig. 294, where the present surface (that of Fig. 
293) down to which denudation has proceeded is represented hy the dotted 
line 71 5 .^ We may therefore a prion expect to encounter different levels 
of eruptivity, some rocks being portions of sheets that solidified at the 
surface, others forming parts of injected sheets, or of the pipe or column 
that connected the superficial sheets with the internal lava-reservoir. 
•We may infer that many masses of molten rock, after being driven 
so far upward, came to rest without ever finding their way to the 
surface. It cannot always be affirmed that a given mass of intrusive 
igneous rock, now denuded and exposed at the surface, was ever connected 
with any superficial manifestation of volcanic action. 

Now, as a general rule, some difference may be looked for in texture, 
if not in composition, between superficial and deep-seated masses. The 
latter have crystallised slowly among warm or even hot rocks under 
considerable pressure, while the former have cooled much more rapidly 



Fig. 294.— Beatorecl outline of the original form of groinul In Fig. 298 (7?.). 


in contact with the atmosphere or with chilled rocks. This difference is 
of so much importance in the interpretation of the history of volcanic 
action that it should be clearly kept in view. As the result of actual 
observation, it is found that those portions of an eruptive mass which 
consolidated at some depth are generally more coarsely crystalline than 
those which flowed out as lava ; they are likewise usually destitute of the 
cellular scoriaceous structui*e and the ashy accompaniments so charac- 
teristic of superficial igneous rocks. Yet even if there were no well- 
marked petrographical contrast between the two groups, it would 
manifestly lead to confusion if no distinction were drawn l>etween 
those igneous masses which reached the. surface and consolidated there, 
like modern lava- streams or showers of ashes, and those which never 
found their way to the surface, but consolidated at a greater or loss depth 
beneath it. There must be the same division to be drawn in the case of 
every active volcano of the present day. But at a modern volcano, only 
the materials which reach the surface can be examined, the nature an<l 
arrangement of what still lies underneath being matter of inference. In 
the revolutions to which the crust of the earth has been subjected, how- 
ever, denudation has, on the one hand, removed superficial sheets of lava 
and tuff, thereby exposing the subterranean continuations of the erupted 
rooks, and, on the other hand, has laid open the very heart of masses which, 
though eniptive, seem never to have been directly connected with actual 
volcanic outbursts. 


^ De la Beche, * GboI. Observer,’ p. 561. 
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The progress of research among the eruptive rocks of the earth’s 
crustr has brought to light the following important facts regarding them. 
1st, They are not distributed with invariable identity of petrographical 
characters over the globe, but are grouped in more or less distinct areas 
or provinces, in each of which a general family relationship may be 
traced among the difterent igneous masses."*- This consanguinity in, 
mineralogical composition and microscopic structure, though it may 
hold good on the whole throughout each province, may be found to 
vary considerably even in adjacent provinces, which are distinguished in 
turn by other peculiarities. 2nd, There has been in each distinct region 
a more or less definite sequence in the order in which the different rocks 
or varieties of rock have appeared, and this sequence, though its gonei*al 
features may be recognised as broadly similar everywhere, is subject to 
considerable local variations. 3rd, Not only has there been a process 
of differentiation in the magma reservoirs within the ten*ostrial emst, 
whereby the injected or ejected materials at the end of an eruptive 
cycle have come to differ, sometimes to a great degi*ee, from those that 
appeared at the beginning, but even within the same igneous mass, after 
its expulsion from the reservoir into the crust, there has often arisen a 
separation of the mineralogicixl constituents, the more acid moving to one 
poiiiion of the mass and the more basic to another. Some of these features 
have already been incidentiilly referred to in connection with modem 
volcanic action, but it is only whore ancient eruptive rocks have been 
laid bare by denudation that the endence is obtainable for a satisfactory 
discussion of the subject. Before entering, therefore, upon the considera- 
tion of the igneous rocks as part of the structure of the earth’s crust, we 
may with advantage attend to the three facts just enumerated, which 
supplement and extend the conclusions deducible from a study of modern 
volcanoes. 

1. Petrograpliical Provinces. — The example of these which has been most sedulously 
studied is probably that of the Christiania district, which has boon so fully made known 
by the long-continued and detailed vosearches of Professor Uriigger. He has shown that 
the eruptive rocks of that part of Scandinavia foim a cousecutivo scrieH, siKJciaJly 
distinguished by its high percentage of soda, and including a number of types seldom 
observable elsewhere. He finds a genetic connection between the di Iferen t members of this 
series. On the one hand are thoroughly acid rocks, including different varieties of 
granite and quartz-syenite, with acid qnartziferous augito-syonito (Akerite), a peculiar 
intermediate group of basic nugito-syonites (Laurvikite), nepholino-syenite (Laurdditc) 
and mica-syenite, and a thoroughly basic series comprising camptonites, bostonites, 
and olivine-gabbro-diabases.'-^ 

Another province which is distinguished by tbo petrographical character and sequence 
of its rooks is that of the Carboniferous region of the south of Scotland. It possesses a 
great development of andesites with some peculiar trachytes, and a copious soiies of 
more basic rocks, ranging from dolcrites without olivine to basalts and liinburgitos.^ 


^ J. W. Ju<ld, Q, J. CL S, xHL (1886), p. 54. 

‘Die Miueralien der SyenitpogmatitgUnge,’ Leipzig, 1890; “Basic Eruptive Rocks of 
Oran.” Q. J. U, S, I (1894), p. 16 ; ‘Die Eruptivgesteine des Kristianiagebietes,’ Kristiania, 
1894-98, and ante, p. 217. 

^ ‘ Ancient Volcanoes of Great Britain,’ chaps, xxiv.-xxviii. 
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A marked petrogi*apliical i^rovince is to bo found in the line of old Italian volcanoes 
■which lies on the west side of the Apennine Chain from Tuscany to Naples. Thie tract 
is more especially characterised by the abundance of its leucitic rocks, which are some- 
times accompanied by trachytes and other nou-leucitic masses. Great variety among 
the volcanic products is displayed at each eruptive centre, yet the range of type remains 
tolembly uniform throughout.^ 

2. Sequence of Eruptive Rocks. — In various parts, of the world, 
where a large connected series of eruptive rocks has been studied in some 
detail, a more or less distinct local order of succession has been ascerttiiiied 
to have marked the appearance of the several petrograpliic types of each 
province. Allusion has already {ante, p. 349) been made to eAddonco 
of such a sequence among the products of modem and still active volcanoes. 
But it is in the records of older volcanic and plutonic action, laid bare 
by prolonged denudation, that the evidence can be most fully perceived. 
As far back as 1868, Baron von Richthofen expressed his belief that from 
the observations made by him in Europe and in North America a general 
order of occurrence of eruptive rocks could be established, and this order 
appeared to him to be first Propylite, followed successively by Andesite, 
Trachyte, and Rhyolite, and ending with Basalt.- If the . two first 
members of this series be regarded as practically different conditions of 
the same rocks, the order given by von Richthofen begins with material 
of intermediate composition, then passing through stages of increasing 
acidity reaches the rhyolites, and finally ends off with a thoroughly basic 
compound, viz. basalt. 

Considerable difference of opinion exists as to whether any such order of appearance 
can be recognised as of general application, and still more as to the cause to which it 
should be assigned. This question has been investigated in great detail by Professor 
Brogger. He believes that the eruptive rocks of the Christiania district not only form a 
distinct petrographical province, hut, as already stated, that they have a close genetic 
connection with each other, and appeared in a dednite order according to chemical and 
mineraJogical composition. They seem to be mostly of Devonian or Old Rod Sandstone 
age, and occur as intrusive bosses and dykes as well as surface outflows. The earliest 
eruptions were strongly basic, consisting of olivine-gabbro-diabasos. With those were 
associated dykes and sheets of camptonite and bostoiiite. Later came the nopheline- 
syenites, followed by the granitic rocks, while last of all came a multitude of hii.sic in- 
trusions, now found in narrow dykes of diabase'and allied types, often amygdaloidal.** 

In the Eureka district, Hevada, Mr. Arnold Hague has ascertained that among the 
great Tertiary eruptions there displayed, the earliest consisted of hornblcndc-amlesbe 
and hornblende-mica-andesite, followed by dacite and then by rhyolite and rhyolitic 
pumice and tuff. He believes that the rhyolites were succeeded by lyroxcno-andesitos, 
and these are closely related to the basalts, which form the latest of the scries.'*' 

In the Yellowstone Park the order of eniptiou established by the niemb'ers of the 
United States Geological Survey is andesite of mean composition, followed by eruptions 
of more basic andesite and basalt, and more siliceous andesite and daeito, and by hmiU, 

I De Stefaui, BoL Oe<L Ifal x. (1891), p. 449 ; H. S. Washington, Juttm, 
vols. iv. and v. 

s “The Natural System of Eooks," Oalffon,. Acatl S,-i. 1868. An excellwit historical 
summary of views regardiug the internal magmas of the earth is given liy Zirkel in lij» 
‘Lehrbuch,' i. pp. 458-471. 

“ See his Memoirs cited on pp, 21?, 221. * Monograph xx. C. & (/. K ji. ij.Kt. 
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rhyolite, and basalt, the, order being locally modified in different districts, but the general 
succession being from a rock of average composition through less siliceous and more sili- 
ceous types up to rocks rich in silica on the one hand, and others extremely low in that 
constituent on the other. ^ 

More recently Mr. J. E. Spurr has gathered all the evidence at present available 
regarding the succession and relations of the lavas in the Great Basin region of the Western ^ 
United States. He thinks that an earlier acid group exists which is not developed in 
every district, and that when the whole sequence is complete it is as follows in order of 
appearance : (1) Khyolitc (granite and alaskite) ; (2) Andesites of various types, with 
gradual transitions to the following ; (8) Rhyolite (sometimes with complementary 
olivine-basalt) ; (4) Andesite of various types wnth gradual transitions to the next group ; 
(5) Basalt (sometimes with complementary rhyolite). Between Nos. 1 and 2 and between 
3 and 4 there is a break indicating a long lapse of time.^ 

A remarkable sequence has been found by Messrs. Lawson and Palache in a long 
series of Pliocene einptions among the Berkeley Hills near San Francisco. No fewer 
than five, 2 )ossibly six, cycles have there been disphiycd, in which the same order of 
recurrence of volcanic material appears. In each of them the earliest discharges were of 
andesites, followed by basalt and that by rhyolite. 

The most complete volcanic record yet described is that presented in the British Isles, 
where each gi*eat geological system from the Avchoian to the Permian includes intercalated 
eruptive rocks. This extended chronicle comprises the detailed history of a long succession 
of volcanic cycles within a comparatively restricted area of the earth’s surface. Each of 
these cycles probably endured for a protracted time, and the intervals between them 
may have been even more iwolongod. From the Permian to the early part of the 
Tertiary periods there was a com 2 >lete quiescence in volcanic activity, for in the Triassic, 
Jurassic and Cretaceous formations no vestige of any contemporaneous igneous rocks has 
been found. In older Tertiary time, however, the subterranean forces oneo more broke 
into eruption and idled up the extensive plateaux *and bills of Antrim and the Inner 
Hebrides. There is thus a auocosHioii of volcanic records in which the materials can he 
arranged chronologically in the order of their appearance. Tho result of a study of these 
records is to show that oacli re]>rest*nta more or less completely a cycle of petrogvapliical 
development. Tho earliest eruptions are genemlly intermediate or basic, and the rocks 
then hecomo more siliceous, but tho last arc usually basic. In tho basin of the Firth of 
Forth, where tho Carboniferous volcanic series is most fully dovolo])cd, the oldest eruptions 
consisted mainly of andesites, but included some more bjisic outllows. In East Lothian 
these rocks are overlain with a thick group of trachytes, which are accompanied by bosses 
of phonolite. But in tho following or Carboniferous Limestone ]>ortion of tho jxuiod the 
eruptions consisted mainly of hiisalts, often extremely basic. Tho Tertiary cycle is even 
more distinct in tho we.st of Scotland. Above tho denuded Chalk lies a thick pile of 
basalts, which towards tlie toj) are succeeded by or inloi*stratifiod with trachytes and 
trachytio tuffs. N ext come ljuge (irui)tivc inossos of gnhhro, incl uding peridotitea. These 
are disruy)to(l by granites and gi-anophyres, while the youngest rooks of all are basalts in 
the form of dykes, which traverse all the other parts of the series.® 

Whatever explaivation may ho given of it, there can he no donht that 
a se<iuance in tho order of api)earHncc of eruptive rocks cun he estuhlished 
in most districts where any extensive series of these rocks is displayed. 
The order does not appear to he quite the same in every region, and tho 
differences are perhaps too great to be explicable on any of the hypotheses 

^ J. P. Iddings, “On tho Origin of Igneous Rocks,” Bull, Phil, ]Vanhhigtonj xii. 
(1892), p. 146. 

« Journ. Ocol. viii. (1900), pp. 621-040. 

® ‘Ancient Volcanoes* of Great Britain,’ chaps, xxiv.-xxviii., xxxiii.-!. 
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that have been proposed. On the whole, however, there is reason to 
believe that the prevalent sequence is that above indicated, viz., from an 
intermediate to a more acid composition, with a concluding effusion of 
basic material. This subject is so closely connected with differentiation that 
It must be further considered in the following pages. 

‘ 3. Differentiation in Eruptive Rocks. — This subject has been studied 

from two different sides, topographical and chronological. In the first 
place, single masses of rock exposed at the surface have been carefully 
examined, with a view to deteimine the nature of the obvious petro- 
graphical differences that occur even in the same body of material ; and, in 
the next place, the various separate eruptive masses in a province have 
been grouped in their order of appearance, and have been analysed 
chemically and microscopically, so as to reveal their gradations of com- 
position and stnicture. In the one case, we have before us the differentia- 
tion of an intruded mass during its cooling and consolidation, in the other 
the evidence of heterogeneity or differentiation in the magma reservoir 
underneath, either existing at the time of active volcanism or developed 
during the course of long intervals of time, and manifested in the differ- 
ences between successive discharges. Each of these heads has given rise 
to much discussion and a considerable addition to geological literature. 

{a) In dealing with a single mass of rock, exposed at the surface, it is not difficult to 
gather the facts as to variations in texture and composition of its diirerout parts, though 
there may be considerable diversity of opinion as to their explanation. An excellent 
example of the differentiation which may be detected in a single body of erupted material 
was described in 1892 by Messra. Dakyns and Teall from Garabal Hill and Meall Breac 
in Argyllshire.^ A large mass of biotite-grauite, which has there invaded the mica-schists 
of the Highlands, passes from a porphyritic condition into toualito (quartz-diorite). 
Along its south-eastern margin it is flanked by a belt of diorite, with which are associated 
ultra-basic rocks. There is thus a great body of acid material occupying some ton 
square miles, which becomes increasingly acid towards the margin, presenting inter- 
mediate varieties of homblende-biotite granite, tonalite, diorite, and augite-diorite, the 
series terminating in such highly basic compounds as wehrlitcs (oliviiie-diallago rocks), 
picrites (olivine-augite rocks) and serpentine. The fix’st rocks formed were pcritU»titP8, 
followed by diorites, tonalites and granites in the order of increasing acidity. The most 
acid portion of the whole moss occurs as narrow veins in the granite and tonalite, ninl 
consists of felspar and quartz with hardly any ferro-inagnesian constituents. 

Another instance of remarkable differentiation within one body of erupted material 
hw been studied by Mr. Marker in Carrock Fell, in the English Lake district.^ This 
hill consists of an acid rock, having the structure of gi'anophyre, with largo associated 
masses of gabbro and diabase. The gabbro shows a remarkable increase of specilic 
gi’avity and of basicity towards its margin. Its central portion has a density less than 
2*85, abundant free quartz, and a maximum silica- percentage of 69*46, From tluit 
condition it progressively changes to the outer border where the specifie gi'avity rises 
above 2*96, the silica-percentage sinks to a minimum of 32*50, while the proportion of 
iron-ores amounts in places to a fourth of the whole rock. The granophyre is of younger 
date than the gabbro. It is an augite-granophyre, having 71 *60 per cent of silica, but 
towards its margin, where it comes in contact with the most basic zone of the gabbro, 

^ Q, y. G, 8, xlviii. (1892), p. 104^! ~ 

® The basic margins of the Pyrenean granite are otherwise e.\phuued by Lacroix, 

Q- L O. S, 1. (1894), p. 311 ; li. (1896), p. 126. 
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it losers its acid character, having incorporated some of the gahbro into its substance. 
Ill this case, the marginal modification is due to the caustic action of the acid rock 
upon another mass outside, and not upon any process of differentiation 'within the 
granophyre itself. A similar effect, previously described by Professor Sollas, is even 
more strikingly developed at the junction of granophyre dykes with the gabbro of 
Barnavave, Oarlingford, Ireland.^ And Mr. Barker himself has more recently described . 
other striking examples of the same caustic action from the junctions of the granophyre 
with the gabbro of the Isle of Skye (postea, p. 776). 

We thus perceive two causes which may in different cases produce marginal modifica- 
tions in the structure and composition of eruptive rocks : 1st, an actual differentiation 
of their own substance, whereby the more basic and more acid constituents are separated 
from each other into different portions of the mass ; and 2nd, a change due to the 
solution of the rocks with which an intrusive mass comes in contact, and the incorporation 
of more or less of the dissolved material into the younger body. It is obvious, however, 
that this latter cause must be at the best of merely local extent, and can hardly go far 
from the margin into the body of a large eruptive mass. 



Fig. * 2 %, Randecl and puckc'rad gahbro, Druiiu an Eidline, Qlcu Sliguclian, Bkye. 


(h) Evidence has multiplied in recent years that the processes of differentiation are 
carried on upon a largo scale within the magma beneath the terrestrial cru.st. This 
evidence shows that in some cases during a period of continued eniptive activity, the 
magma has become separated into more basio and more acid portions, from each of which 
intrusions or discharges are made successively or simultaneously. The existence of such 
a heterogeneous magma is well illustrated by the banded gabbros and other similar rocks, 
where the materials have been injected or protruded simultaneously from sources* of 
strikingly different chemical and mineralogical conj position. Thus the Tertiary gabbros 
of Skye include mpid alternations of pale and dark bunds, the fonner composctl mainly 
of labradonte, with some augite, uralitio hombloixlo and niagnetito, and containing 52 
per cent of silica ; the latter sometimes consisting of little else than augite and magnetite 
with only 29*5 per cent of silica. The bands are tolerably parallel to each other, but are 
leatioular or not continuous for a long distance. That they belong to the time of 

extravasation and not to any subsequent pi'ocess of differentiation in $Uu, is shown by 

their occasional puckering and curvature. They were evidently disturbed while still in a 
plastic condition. These rocks present a .striking iTscniblance to many ancient gneisses. “ 

^ Tmnn, Rttp, Irish Acad, xxx. (1894), p. 477 ; also Ueol. Mai/, 1900, p. 296. 

a A. G. and J. J. H. Teall, J, (f, 8. 1. (1894), p. 646 ; A. G. Comjd, mid, Cmi/rPs. 

GSoI, Interned. Zurich, p. 139 ; ‘ Ancient Volcanoes of Great Britain,’ ii. p. 341. Bande<l 
gabbros have also been dosorihed ftroiii the Radauthal by Lessen, Z, 1), G, (J, xliii. (1891), 
p. 683 ; and by P. B. Adams, from the Saguenay district, Neira, Jahrh. Reilaitvh, viii. 
(1893), p. 462. Tills structure, which has been already noticed (i). 256), will be again 
referred to in connection with the Arclwean gneisses (Book VI. Part I, § 1). 
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They form thick intrusive masses^ which have disrupted the Tertiary ha^alt i.latoaiix of 
the Inner Hebrides. Another illustration of the simultaneous existence of basic and 
acid portions in the same active volcanic focus is supplied by the Lower Old Rod 
Sandstone of Central Scotland, where among the andesitic and diabasic lavas there an* 
intercalated contemporaneous sheets of acid dacite and breccias of rhyolitic or fel«ili<‘ 
.fragments. 

(c) More usually the evidence, as above detailed, with reference to the soriuonco 
of eruptive rooks, indicates that the variation has been slowly progressive during 
the continuance of a volcanic period, so that the ejected materials at the end (*oni(‘ 
to be considerably different in composition from what they were at the beginning. 
It is difficult to understand this petrographical sequence on any other ground than 
that it arises from a, gradual separation of the constituents in the body of tlw 
subterranean magma. The more basic being tbe more readily separable may be (ix- 
pected to come 'first and to leave a more acid residuum for tlie later disebarges. 
Reference may again be made here to Professor Brbgger’s investigation of the g(‘neti<! 
relationship between the several types of rock which have made their appcaranc.o in the 
Christiania district. Prom the earliest of the series, which are the most basic, to ilio 
latest, which (except the final unimportant dykes of diabase) are the most acid, he has 
traced a continuous series of varieties, connected so closely together by passage- ty]) 0 H that 
he regards it as impossible to doubt that they have all originated from a comiuou sonrci^. 
Dealing with the oldest group, he thinks that the original basic magma which 8Ui)|)lied 
the olivine-gabbro-diabaaes, that were pressed up to a higher level, afterwards underwent, 
at a deeper level, a process of differentiation whereby there was separated by diilusion a 
basic portion, which gave rise to the camptonite intrusions, while the more acid re- 
mainder supplied material for the hostonite dykes and sheets. This difforoutiatiou has 
not only taken place within the magma reservoir, but also in the dykes and shoctB 
themselves, where it must have occurred after their injection into a highoi* level of the 
crust. Moreover, another type of differentiation occurs along the western and northern 
margins of the boss of Bratidberget, where the olivine-gabbro-diabaso has supplied a basic 
zone of almost pure pyroxenic composition, which has often crystallized as a coai'se- 
grai'ned pyroxenite, containing as much as 95 per cent of pyroxene. Again, in 
laccolite of Viksfjeld, more acid quartziferous augite-diorites are frequent as tlio latest 
products of differentiation. Professor Brbgger concludes that whatever may bo our ex- 
planation of the cause of these variations, there cun be no doubt that the differentiation 
has actually taken place ; and that in this Christiania region one and the same mngma 
under different conditions has been differentiated in different ways into dilferorit groups of 
rock, with distinct chemical compositions in their several members.' 

The exanaples of a succession in the erupted materials among the Tesrtiary volranif 
districts of the Great Basin and surrounding re^ons in Western North Anuu’ica, ufibrd 
an instructive lesson as to the nature of the changes which may take place in tin*, con- 
stitution of the material that fills a magma reservoir during the continuance of a volcanic 
period. ■ With regard to the Eui-eka distiict, above cited, Mr. Hague remarks Hint nil 
the erupted rocks may be referred to tvro sharply defined groups, one acid or fidspathic, 
the other basic or pyroxenic. In the former the earliest and most biusic portion iionsists 

' <2* L O’ 3. 1. (1894), pp. 16-S7.‘ Tlie subject is more extensively elaborated in his 
memoir on ‘Die Eruptivgesteine des Kristianiagebietea.* In Part i. (i>p. ISJi-lfiS) he trentH 
of the rocks of the Gronidite-Tinguaite series as products of diflereutiation ; in Part ii. lie 
describes tbe succession of eruptive rocks at Predazzo in the Tyrol, 'compares it with that of 
the Christiania district, and discusses the mechanism of the intrusion of deep-scateil cruptivi* 
masses ; in Part iii. (pp. 227-366) he enters fully into the genetic relations between the iimsseH 
of LaurdaJite and their accompanying dykes, and discusses the dilfusion-hypothewH, the Kon\ 
hypothesis of Rosenbusch, and various explanations which have been proposed to aecouut for 
the phenomena of differentiation. 
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of hornblende-andesite, which, merging insensibly into hornblende-mica-andesite, and 
graduating further by the addition of quartz into dacite, then by decrease and failure 
of hornblende and the appearance of orthoolase, passes into rhyolite. The oldest lavas 
of the pyroxene gi*oup were pyroxene andesites, which gradually pass into basalts. Mr. 
Hague believes it to be impossible to regard these differentiated volcanic products other- 
^vise than as having been derived from an original common reservoir.^ 

Any theory which is proposed to explain this process of differentiation 
must take account of the considerations stated in the foregoing paragraphs 
with regard to the sequence of eruptive rocks, and more especially of the 
fact that the cycle of change in the composition of the magma has recurred 
Again and again within the same limited district. In 1892 I pointed out 
this recurrence as singularly striking in the volcanic history of so limited 
an area as the British Isles, and remarked that “ as the successive pro- 
trusions took place within the same circumscribed region it is evident that 
in some way or other, during the long interval between two periods, the 
internal magma was renewed as regards its constitution, so that when 
eruptions again occurred they once more began with basic and ended with 
acid materials.’’ 2 Each of these periods in which this recurrence was 
repeated was termed by me a volcanic cycle. Their records are not always 
complete, sometimes the earlier and sometimes tlie later stages being un- 
represented ; but the general order of appearance of the rocks is main- 
tained with remarkable persistence. Even more striking is the instance 
above cited from the Berkeley Hills, where within one comparatively 
small area no less than five cycles were completed in Pliocene time. 

Various liypothoscs have buou proposed to account for such evident changes in large 
bodies of injected matter, and also in the- magma -roservoii's during a long course of 
eruptions.** Some writers have supposed the original existence of differently constituted 
magmas wliicli, erupted at different times or simultaneously and in different proportions, 
might explain the observed phenomena. Professor Rosenbusch, for example, lias suggested 
the existence of some live or six such fundamental magmas. Among these the granitic 
magma is ropresented as including, besides granite, the old volcanic quartz-porphyries, 
and koratophyros, and the younger volcanic felsolipnrites, pantollerites and trachytes ; 
the gahbro-magma comprises, besides deep-seated and older volcanic rooks, such younger 
volcanic mosses as basalt and loucitito.^ M. Michel-Levy tabulates four magmas, each 
capable of considerable subdivision. 1st, Alkaline (granulitic, granito-elcolitic, pantcl- 
leritic) ; 2nd, Alkaline-earthy (gnuiito-tonalitic, granitic, proper,) ; 3rd, Karthy-alkaliiie 
(diorito-diahasic, diahaso-lamprophyric) ; 4th, Perro- magnesian (lamprophyric, peri- 
dotio). But lie considers that only two magmas are susceptible of a truly precise 

^ M(mograi>h. xx, C, S. G. K pp. 2(53-2(58. 

- V. J. <jf. S, xlviii. (1892), p. 178, Anniversary Presidential Address. 

** An excellent historical digest of opinion on this subject will he found in Mr. Idding’s 
paper on “ The Origin of Igneous Rocks,” RuU. Phil. Soo. WaMui/tenit xii. (1892). His 
other contrilmtions include papers in RuR, PhR, S<m\ WattMuffUm, xi. (1890), p. 191; 
Joum. Oed, i. (1893), pji. 60S, 833 ; V. J, G, S. hi. (1896), p. 600. A review of opinion 
from an opposite point of view to that taken by Messrs. Briiggqr and Iddings is given by 
M, Michel -Lt'wy in his Note sur la Cljissificatiou des Magmas des Roches Bruptives” 
K S. 0. I\ XXV. (1897), pp. 326-377 ; also op. cU, xxiv. (1896), p. 123. 

** llosenbusch’s ‘ Kern-Hypothese ’ is given in his paper of 1889, and somewhat modified 
in the 3rd edition of his * Mikroskopischo Pliysiographie,’ ii, p. 384. It is siunmarised and 
commented on by Brugger in his ‘Ganggefolgc des Laurdalits,* iii. (1898), p. 302. 
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definition and possess a living individuality — the ferro-magnesian and the allpline, 
which are fundamental and behave differently as eruptive masses, the former being the 
result genei%,lly of igneous fusion, the latter requiring the co-operation of mineralising 
or pneumatolitio agents, such as are seen in fuineroles {ante, p. 270), and to which he 
attaches vast importance. He believes that it is in the circulation of fluids charged 
with mineral solutions under pressure and a high temperature that we must seek the 
‘active agent in the differentiation w’hich takes place in the reservoirs of eruptive 
magma. 

Other peti’ographers and geologists have endeavoured to account for the observed 
changes on the assumption that they -have proceeded in each case from one original 
magma. Mr. Teall, in discussing the consolidation of molten magmas, proposed that they 
should be considered as solutions, and sought how far their behaviour could be explained 
by the analogy of different solutions which had been studied experimentally. He dwelt 
upon the significance of the researches of Guthrie on cryohydrates, and of Lagorio on 
the glassy base of igneous rocks. He first suggested the application to them of the dis- 
covery by Soret, which lie defined thus : “A homogeneous solution remains homogeneous 
so long as the temperature remains uniform, but a disturbance in the equilibriuni of 
temperature brings about heterogeneity in the solution. The compound or compounds 
with which the solution is nearly saturated tend to accumulate in the colder parts. ” ® 
Various objections have been brought forward to the application of this principle as an 
adequate explanation of magmatic difterentiation, and it is now admitted by Brbgger 
that ordinary diffusion, whether by Soret’s principle or in any other way, is insufficient 
to account for the facts.^ Mr. Harker, dealing with that type of differentiation where 
a magma, supposed to be originally homogeneous, has had its more basic ingredients 
concenti’ated in the cooler marginal parts, compared such a magma with a saturated 
saline solution, and suggested that the migration of the least soluble constituents to the 
part of the liquid most easily saturated would determine crystallization, the process 
which, in the case supposed, would give the njost rapid evolution of heat.'* 

Mr. G. F. Becker, in criticising the hypothesis of differentiation by diffusion, dwells 
on the stupendous amount of time which by the methods of Ludwig and Soret would, 
he thinks, be required for the segregation of magmas, even if they could be kept frae from 
convection cuiTents. He assumes that the magma witliin the earth must be at least as 
viscous as lava, and that in such a mass convection currents must necessarily conm in to 
prevent any separation of constituents by diffusion from appreciably affecting the com- 
position.® He has subsequently proposed another solution of the problem, so far, at 
least, as regards masses that have been erupted into the crust or up to the surface. 
Eeturning to the process of fractional crystallization, so well illustrated by the researches 
of Guthrie on eutectic mixtures, he remarks that a mass of erupted inatorial, injected 
into a fissure or cavity among cold rocks, will be subjected to convection currents, and a 

1 See previous note, also B. S, G, E xxvi. (1898), and ante, p]). 196, 199, for his notation 
to express the composition of the eruptive niagnnis. 

2 ‘British Petrography/ 1888, p. 394. See also (/eoL Maff. 1897, p. 653; and his 
Presidential Address to Ocol. Boc, for 1901. H. Biickstrom has remarked that , Soret’s 
principle applies only to very dilute solutions, and that we are still ignorant concerning the 
behaviour of concentrated solutions, especially with reference to this principle, Jtfum, 

i. (1893), p. 774. » Op. cit. p. 355. 

^ Getil, Mag, (1893), p. 546 ; g. /. a, S, 1. (1894), p. 311. 

® Am&i\ Joum. Sd. iii. (1897), p. 21. Professor Briiggor has replied to this critlelsm 
that we have no reason to believe the internal magma to bo os viscous as Vesuvian lava. 
He points to the general absence of differentiation in superficial eruptive rocks and its 
frequent presence in deep-seated masses, and he argues that so long as the magma retains 
the enormous volume of aqueous and other vapours with whicih it is charged, it must ptissess 
great internal mobility, ‘Das Ganggefolge,des Uurdalits,* p. 336. 



PA.ET VII 


DIFFERENTIATION IN ERUPTIVE ROCKH 


715 


circulation will be established. If the lava be supposed to be a homogenous mixture of 
two liquids of different fusibility, the crusts which first form upon the walls W'ill have 
nearly the same composition as the less fusible partial magma. The abstraction of the 
less fusible constituents will alter the composition of the circulatinjg liquid, which will 
continually tend towards the composition of the most fusible mixture of the component 
ingredients. When this composition is attained the magma will no longer undergo 
change by circulation and partial solidification ; and the residual mass will gradually 
solidify as a uniform material.^ This is undoubtedly an important suggestion, though 
it may, perhai)s, not be of wide application. Professor Brdgger has pointed out that it 
requires that the least fusible materials should collect along the margins, whereas the 
contrary is, for the most part, the rule. This is, at least, the case in largo masses, 
though iu dykes, where the molten material has been rapidly chilled against walls of 
cold rock, the salband or marginal selvage is often less fusible and more acid than the 
centre. 

From this necessarily brief and incomplete summary of published 
opinions it will be seen that the problem of the cause of the differentia- 
tion of igneous rocks, whether within the magma reservoirs or in 
extruded masses, is one of extreme complexity, the solution of which has 
not yet been reached. There seems to be no doubt that at least in 
regard to bosses, sills, and dykes, the variation has been to a considerable 
degree influenced by cooling, though it is less easy to conceive how this 
influence could have seriously affected the composition of the great 
magma reservoirs which certainly underwent a marked change during 
the course of a volcanic cycle. It may be, as Brbgger has said, that the 
process was connected in the most intimate way with the crystallization 
of the molten material, and that certain analogies may be traced between 
the succession of changes involved iu the processes of crystallization, 
differentiation and eruption.*'* The subject of the crystallization of rocks 
has been already referred to iu this volume (pp. 302, 403-415), and the 
important researches of Elie do Beaumont, Daiibr^e, Fouqu6, Michel- 
L6vy and others have been cited. But some further allusion to the 
question is required hero, more particularly in regard to the order of 
appearance of the constituent minemls of oiuptive rocks, and the possible 
connection of this order with the processes of differentiation and eruption 
discussed in the foregoing pages. 

Crystallization of Eruptive Bocks.** — The experiments of Messrs. 

^ Amer. Jmru. i<cL iii. (li^97), p. 257. 

^ Op. cU. p. 364. Out of the vobmiiuous litenvturo which during tlie laet dozou of 
years has gathered round this subject, it Is only possible to find room here for some of the 
more important contributions. Besides the works of Toall, Barker, Sollas, Brogger, Iddings, 
Michol-Levy, Becker, Hogue, SpiUT and others already cited, the following memoirs aiv. 
worthy of special notice : L. V. Pirsson in 20tk A ntu JiejK U. ^S. OeoL Tart iii. 
p. 669 ; Weed and Pirsson, li. If, K (?. *Sf, No. 139, 1896 ; H. S. Washington, various 
papers in Joum. Oeol. iv. v. vi. vii. andix., and Bull. <kol. iioc. Amer. xi. (1900), p. 389 ; 
.T. H. li. Vogt, (feoL Flfren, Stockholm, xiii. (1891), p. 476 ; CimpL rend. Congr^s. Oeal. 
Jnteniat Zurich, 1894, j). 382 ; Z&itmh, Prakt. ihol. 1894, p, 381 ; 1896, pp. 146, 367, 
444, 465 ; 1900, p. 233; 1901, pp. 9, 180, 289, 827 — a remarkable series of researches 
regarding the separation of iron-ores in eruptive rocks, and its bearing upon the processes 
of magmatic difTerentiatiou. 

^ See the excellent summary by Professor Iddings, JiuU. Phil. a%c. Washington^ xi. 
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Fouqu6 and Micliel-L6yy demonstrated that many minerals and rochs 
could be reproduced artificially by dry fusion, and that crystalline group- 
ings and structures could be obtained precisely similar to those that 
occur in nature. The researches of Daubr6e showed that at high tempera- 
toes and pressures water contributes powerfully to the solution of various 
mineral substances and to the production of new minerals and rock- 
structures, though neither he nor his French colleagues could succeed in 
reproducing granitic rocks by any method they could devise. In recent 
years this synthetic research has been prosecuted on a much larger scale, 
and with eminent success, by Professor Morozewicz, to whose work 
allusion has above been made (p. 406). We have seen that he has 
succeeded in obtaining, from mixtures of their chemical ingredients, a large 
suite of minerals and a number of rocks, including rhyolite and various 
basalts and andesites. But his researches have some important bearings 
on the consolidation and crystallization of eruptive rocks as a whole. 
His experiments have brought out with clearness the already known 
fact that the presence of alumina tends to retard the crystallization of 
an alkaline silicate magma. He has found that when alumina is added 
above the point of saturation to such a magma, its presence promotes 
the separation of aluminous silicates. He experimented with mixtures 
having the chemical composition of rhyolite and also of basalt, and 
obtained products in which the structure and order of appearance of the 
minerals were similar to those of these rocks in nature. He found that 
the minerals always crystallized in the same order, which is a constant 
function of the chemical composition of the magma, but his experiments 
led him to the conclusion that this order is not governed by any one 
condition alone, such as fusibility, acidity, or basicity, but is the result 
of several contributing causes, among which one of the most important 
is the relation between the quantities of the several compounds in the 
solution. Where the proportion of one of these compounds in any 
magma is large, the mineral will crystallize sooner than where it is small, 
and, as already pointed out, temperature comes also into play, some 
minerals making their appearance most readily at lower temperatui*es 
than those at which they can still be formed.^ 

Under certain conditions, more especially in veins of a particular 
kind, two mineral constituents of an igneous rock have crystiillized 
simultaneously, and are mutually enclosed, one within the other. This 
structure is most familiarly displayed in. graphic granite (pp. 128, 20G, and 
Fig. 30), and in the coarse-grained veins which are known as pogmatites, 
where the gi’aphic structure is not always developed. More usually the 

(1889), pp. 66-113. The stiuleiit should consult the series of ])apor« hy Morozewicz, cited 
Mows by Vogt, ZeitHch. Pmht. ikoL Nos. 1, 4, mid 7, 1893 ; by I^'orio, Zdtsch, /. 
Krystalhg, xxiv. (1896) p. 286 ; and the suggestive Presidential Address by Mr. Teall, 
Q. Z G, iS. Ivii. (1901), p. 62. 

^ Profe.ssor Morozewicz’s papers are contained in Xwen Mirh. 1893, ii. ]). *13 ; ZvUm'h, 
/. Kmtallog, xxiv. (1896), p. 281; Tsehemnik!^ MiUh. .xviil. (1898), pp- 3-90, 106-240. 
Th^re is a good summary of them by Mr. Jaggariii Jnuru. GeoL vii. (1899), jijj. 300-313, 

® See on this subject the remarks of Professor Briigger in bis Minc‘ralicn der HycTiitpcg- 
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several minerals separated out successively, but the order of their appear- 
ance 4s not invariable, and we are still far from comprehending the 
conditions that determine the normal order and those that lead to 
deviations from it. The supposition obviously suggests itself that 
minerals will crystallize out of a magma in the order of their respective- 
fusibilities, those with the highest fusion-points separating out first. 
But experience shows that such is not strictly the case. Eosenbusch 
has remarked that their appearance is in the order of decreasing basicity, 
ores coming first, followed by ferro-magnesian minerals, felspathic minerals, 
and lastly by quartz. But there are some important exceptions to this 
general rule. In granite the difficultly fusible quartz is often found 
moulded round the more fusible felspar, and in dolerites the pyroxenes 
may not infrequently be seen ophitically enclosed within the felspars. 
The opinion has long prevailed that in these cases the presence of water 
or some other “mineralising agent” plays an important part. It has 
been proved experimentally that in presence of water anhydrous silica 
can be made fluid at a temperature of 300° 0., which is far below its 
fusion-point> Professor Joly has recently called attention to the 
importance of discriminating between the fusion-point and the viscosity 
of minerals at high temperatures. He has found that silica is a body 
possessing a remarkable range of viscosity. Its fusion-point is stated to- 
be 1406° C.; at 1600° C. it is a very thick liquid, but about 800° C. it 
becomes plastic and yields with considerable rapidity to distorting forces. 
The question of time has been found to be important in determining the 
fusibility of substances. When mpidly fused their fusion-points may vary 
considerably. Thus loucito molts at 1030° and augito at 1140° when time 
has been allowed for the development of their viscosity. But when 
i-apidly heated to 1300° the fluidity of leucite is the same as that of 
augite at 1200°, and much more complete than that which they present 
at 1030” and 1140°. At a temperatxire of say 1280°, leucite exists in 
a very viscous condition bolow its normal point of fusion (which is about 
1300°) ; augite, on the other hand, remains quite fluid, because it is 80° 
above its normal point of fusion. Hence in the cooling of a magiria 
from such a teniporaturo, the leucite can begin to crystallise and the 
crysttils to develop before the augito has formed any crystals, or at most 
has passed beyond the microlitic condition. 

If wo regard a molten magma as a solution in which all its chemiail 
constituents are completely dissolved, the chief condition that must 
determine the separation of these constituents is probably a sinking of 
the temperature. As the mass cools the ingredient which soonest 
Part i. p. 148 et, acq. He tltiHcribeK examples of the Mimultanoous cryHtallizatiou 
of felKpar with (U<)i)Mi<le, with lepidomelane, with homblondo, and with pyroxene. 

' ProfcHHor SoUas, Muff, 1000, p. 296. ProfcHsor Joly has molted (luarte hy 
fusion at a temperature of 1200" 0. during eighteen hours, and has obUvined from it 
erystalliiu' forms wbori cooled down to 916" 0. 

2 Joly, Sci, Pror, Ruy, JJvMin aSW. ix. (1900), p. 298 ; Oo7iffr^H HM, TntnnaL Paris, 
1900, p. C91. Boelter has lately determined the fusibility of some juiuenils ranging from 
920" (melauite) to 1400" (bronzite). Ho finds tho Predazzo granite to soften at 1160" aiul 
to fuse at 1240". Tnchei'niak, Mitt.y 1902, p. 23. 
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reaches its point of saturation will usually crystallize fii*st, and tlic 
successive appearance of the minerals will continue until the wliole 
magma has crystallized, . or until the remaining non-devitrified glass 
becomes solid. During this process a complex series of chemical changes 
•is ill progress. The early separation of the more basic constituents 
leaves the composition of the whole mass more acid ; further reactions 
are set on foot which may ultimately advance even to the reabsorption (»f 
minerals already crystallized. Among these changes the same mineral 
may make its appearance more than once during the crystiillization of a 
magma. Felspars, for instance, frequently appear in eruptive i‘ocks as 
the products of a first and of a second consolidation. Porphyritic crystals 
or phenocrysts, which are dispersed through a finc-giuined ground* mass 
full of smaller, sometimes microlitic, forms of the same mineral, are 
regarded as evidence of this succession.^ 

The crystallization of an intrusive igneous mass must no doubt he more 
or less modified by the conditions of depth, temperature, movement, and 
■other causes that affect the bodies of molten material which are protruded 
into the terrestrial crust. Dr. Weinschenk has especially dwelt upon 
this influence as a determining factor in the production of the structuro 
-of the central granite of the Alps. He believes that rock to have been 
part of a normal granitic magma which crystallized under abnormal condi- 
tions, and that it owes its mincralogical composition and chamcteristic 
foliated structure, not to any process of subsequent dynamometamorphism, 
but to tlie peculiar relations of tension accompanying the plication of the 
mountains. To these relations he has given the name of “piezocrystalliza- 
tion” — a term by which he understands an entirely primary formation of 
massive rocks, wherein, besides the high tension allowed for the crystalliza- 
tion of a normal deep-seated mass, we must also reckon the compression 
due to orographic movements during the consolidation of the rock.'-^ 

Many rocks in consolidating from the condition of glass have taken 
a spherulitic structure (pp. 131, 152), where crystalline intorgrowths of 
two or more minerals have started from numerous centres, and have 
developed the characteristic internal radiating fibrous ariiingcmvnt and 
usually globular external form. The conditions that have determined 
this type of devitrification are not well understood. Mr. Whitman Cross 
has suggested that in acid glasses there has first been a globular aggrega- 
tion of colloid silica, in which the felspar substance is enclosed an<I 
becomes simultaneously individual ised.» Professor Idclings, from a study 
of the remarkably fresh varieties of acid lavas found in the Yellowstone 
Park, in many of which the spherulites arc hollow (lithophyses) and of 
large size, came to the conclusion that the clitrerences in consistenev ami 
in the phases of crystallization, producing the lamination and spherulitic 
structure of these rocks, were directly due to the amount of vapour.s 

^ See, liowever, the ohservatioiw of L. V, inraHoii, Jtntni, W* vii. (lH\m t,. 

Aud W. 0. Crosby, ^imer. Geol, xxv. (1900), !>. 299. ' * ’ 

“ B. Wemaolieiik, “BeitrSge znr tetrographi# der OHUiclieu CVntralah«‘ii.” .IMaiiUf 
Bayer. Ahad. xvili. (1894), p. 91. 

® B’itXl, PhU. Hoc. Washingtmi^ xi, (1891), p. 436. 
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absorbed in the various layers of the lava, and to their mineralising 
influence; the litbophyses being thus of aqiieo-igneous origin, due to 
the action of the absorbed gases upon the molten glass from which they 
were liberated during the crystallization consequent upon cooling.’- 

Classification of Eruptive Rocks according to their Tectonic * 
Relations. — In dealing with the occurrence of igneous rocks as part of 
the architecture of the earth’s crust, we require some principle of grouping 
which will enable us to arrange their various structures in such a manner 
as will best convey an idea of the relation which they bear to the rest of 
the crust, and of the light which they can be made to throw upon the 
behaviour of the molten materials of the planet, whether beneath or above 
the surface. Keeping in view a useful distinction already mentioned, we 
may gi’oup together all subteiTanean intruded masses, now revealed at 
the surface after the removal of some depth of overlying rock, as one 
division under the names Plutonic, Intrusive, or Subsequent. On 
the other hand, we may class all those which came up to the surface as 
ordinary volcanic rocks, whether molten or fragmental, a?id were conse- 
quently contemporaneously interstratified with the formations which 
happened to be in progress on the surface at the time, as a second group 
under the names Volcanic, Interstratified, or Contemporaneous. 

It is obvious that these can be used only as relative terms. Every 
truly volcanic mass which, by being poured out as a lava-stream at the 
surface, came to be regularly interstratified with contemporaneous accum- 
ulations, must have been directly connected below with molten matter 
which did not reach the surface. One part of the total mass, therefore, 
would be included in the second group, while another portion, if ever 
exposed by geological revolutions, would be classed with the first group. 
Seldom, however, can the same masses which flowed out at the surface be 
traced directly to their onginal undergromid prolongations. 


Fig. Section showing the rwlatlve age of an IntruHive Rock (5.) 


It is evident that an Intrusive mass, though necessarily subsequent 
in age to the rocks through which it has been thrust, need not be long 
subsequent. Its relative date can only be certainly affirmed with refer- 
ence to the rocks through which it has broken. It must obviously be 
younger than these, even though they lie upon it, if they bear evidence 
of alteiation by its influence. The probable geological date of its eruption 
must be decided by evidence to be obtained from the grouping of the 
rocks all around. Its intrusive character can only certainly determine 
the limit of its antiquity. We know that it must be younger than the 
rocks it has invaded ; how much younger, must be otherwise determined. 
Thus, a mass of granite or a series of granite veins (a a, Fig. 296) is 


1 Amer, Joum, ScL xxxiil (1887), pp. 42, 45. See ante, pp. 406, 414, wliere the 
artihcial productiou of the spherulitio structure 'by Morozewicz and Dauhr^^e is referred to. 
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manifestly posterior in date to the plicated rocks {}) h) througli ■which it 
has risen. But it must be regarded as older than overlying undisturbed 
and unaltered rocks (c), or than others lying at some distance (r/), whi(‘h 
contain worn fragments derived from the granite. 

On the other hand, an Interstratified or Contemporaneous ignt'ous 
rock has its date precisely fixed by the geological hoi-izon on which it lies. 
Sheets of lava or tuff interposed between strata in which such fossils as 
Cahjinene BlumenhacJiii, Lftma sericea, Atrujpa reticiiUvm, Orthk 
and Pentamerus Kniglitii occur, would be unhesitatingly assigned by a 
geologist to submarine volcanic eruptions of Upper Silurian ago. A lava- 
bed or tuff intercalated among strata containing ('^nlunnimlnfhmr ttjfinis, 
Lepidodendron veltheimmium, L&pm'ditia^ and other associated fossils, would 
unequivocally prove the existence of volcanic action at tho surface during 
the Lower Carboniferous period, and at that particular part of tho period 
represented by the horizon of the volcanic bed. Similar eruptive material 
associated with Anwwnites, Belenmites^ Pentamnites, &;c., would ccvtJiinly 
belong to some zone in the great Mesozoic suite of formations. An inter- 
bedded and an intrusive mass found on the same platfom of stratii need 
not necessarily be coeval. On the contrary, the latter, if clearly intruded 
along the horizon of the former, would obviously be postonor in date. 
It will be understood, then, that the two groups have their respective 
limits determined mainly by their relations to the rocks among which 
they may happen to lie, though there are also special internal charactow 
that help to discriminate them. 

The value of this classification for geological purposes is great, it. 
enables the geologist to place and consider by themselves the gran it, (‘s, 
quartz-porphyries, and other crystalline masses, which, though lying vsonit* 
times perhaps at the roots of ancient volcanoes, and therefore, in tliat case, 
intimately connected with volcanic action, yet owe their special charaettu's 
to their having consolidated under pressure at sonic doptli within th(‘ 
earth’s crust ; and to aiiange in another series the lavas and tuffs \vhi<*lu 
having been thrown out to the surface, bear the closest reseinhlanct‘ to 
the ejected materials from modem volciinoes. He is thus presonU*.d with 
the records of hypogene igneous action in the one group, ami with l,host‘ 
of superficial volcanic action in the other. Ho is furnished with a nietlnsl 
of chronologically arranging the volcanic phenomena of past ag(‘.H, and is 
thereby enabled to collect mateiials for a history of volcanic action ov<‘r 
the globe. 

In adopting this classification for unravelling the g(*ologic;d structui'i* 
of a region where igneous rocks abound, the student will encounter 
instances where it may be difficult or impossible to dechle in wliiidi 
group a particular mass of rock must be placed. Ho will liear in miml, 
however, that, after all, such schemes of classification ai’o proposed only 
for convenience in systematic work, and that there are no coi*r(ispondin'g 
hard and fast lines in nature. He will recognise tluit all crystulliiio or 
glassy igneous rocks must be intmsive at a gi-eator or less depth from the 
surface; for every contemporaneous sheet has obviously procee<led fi’om 
some internal pipe or mass, so tkat, though iuterbcdlled and conteiu- 
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poraneous with the strata at the top, it is intrusive in relation to the 
strata below. 

The characters by which an eruptive rook may be distinguished 
are partly lithological and partly geotectonic. The lithological char- 
acters have already been fully given (pp. 195-243). Among the more' 
important of them are the predominance of silicates (notably of felspars, ' 
hornblende, mica, augite, olivine, &c.), and of disseminated crystals of iron 
oxides (magnetite, titaniferous iron); a prevailing more or less thoroughly 
crystalline structure ; the frequent presence of vitreous and devitrified 
matter, visible megascopically or microscopically ; and the occurrence of 
porphyritic, cellular, pumiceous, slaggy, amygdaloidal, and fluxion struc- 
tures. These characters are never all united in the same rock. They 
possess likewise various values as marks of eruptivity, some of them 
being shared mth crystalline schists which, as schists, were certainly not 
eruptive. On the whole, the most trustworthy lithological evidence of 
the eruptive character of a rock is the presence of glass, or traces of an 
original glassy base. We do not yet certainly know of any natural glass, 
except of an eruptive origin. The occurrence or association of certain 
minerals, or varieties of minerals, in a rock, may also afford presumptive 
evidence of its igneous origin. Sanidine, leucite, olivine, nepheline, for 
example, ai‘e, for the most part, characteristic volcanic minerals ; and 
mixtures of finely crystallized triclinic felspars with dark augite, olivine, 
and magnetic iron, or with hornblende, are specially met with among 
eruptive rocks. 

But it is the geotectonic characters on which the geologist must 
chiefly rely in establishing the eruptive nature of rocks. These vary 
according to the conditions under which the rocks have consolidated. 
We shall consider them as they are displayed by the Plutonic, or deep- 
seated, and Volcanic, or superficial phase of eruptivity.^ 


. ' Section i. Plutonic, Intrusive, or Subsequent Phase of Eruptivity. 

We have here to consider the structure of those eruptive masses 
which have been injected or intruded into other rocks, and have con- 
solidated beneath the surface. One series of these masses is crystalline 
in structure, but with felsitic and vitreous varieties. It includes examples 
of most of the eruptive rocks, and especially of the more coarsely crystal- 
line forms (granite, syenite, quartz-porphyry, gi'anophyre, rhyolite, dioiite, 
gabbro, &;c.). The other series is fragmental in character, and includes 
the agglomerates and tuffs which have filled up volcanic orifices. 

iSter some practice, the field-geologist acquires a faculty of dis- 
criminating with more or less confidence, even in hand - specimens, 
crystalline rocks which have consolidated beneath the surface, from 

^ As already stated (p. 198), a cliroiiological basis has been proposed among the other 
plans for the classittcatiou of eruptive rocks. Some -writers have oven gone so far as to 
suggest that different names should he given to eruptive rooks according to the geological 
formation in which they occur, as Carbophyre, KoMe^phyre, T-riapliyrc, Jumphyn, See 
Th, Ebray, iJ. 8, Q, F, (3), iil p. 291. 
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those which have flowed out as lava - streams. Coarsely crystalline 
granites and syenites, with no trace of any vitreous grouiul-iuass, aw. 
readily distinguishable as plutonic masses; while, on the other hand, 
cellular or slaggy lavas are easily recognisable as superficial outflows, or 
*as closely connected with them. But it will be observed that such 
•differences of texture, though furnishing useful helps, are not to be 
regarded as always and in all degrees peHectly reliaWe. Wo And, hn 
example, that some lavas have appeared at or near the surface with so 
coarsely crystalline a structure as to be mistaken by a casual obsorvei 
for granite; while, on the other hand, though an open pmuiccous or 
slaggy structure is certainly indicative of a lava that has consolithited at. 
or near the surface, a finely cellular character is not wholly unknown in 
intrusive sheets and dykes which have consolidated below ground. Agaiii, 
masses of fragmentary volcanic material are justly regarded as proofs of 
the superficial manifestation of volcanism, and in the vast majority of 
cases, they occur in beds which were accumulated on the surface, as the 
result of successive explosions. Yet cases (described at p. 748) may be 
found in many old volcanic districts, where such fnigmontary materials, 
falling back into the volcanic funnels, and filling them up, have been 
compacted there into solid rock. On rare occasions, explosions of lava 
within subterranean caverns may have given nse to such accumulations 
of agglomerate. 

The general law which has governed the intrusion of ign(‘.ous rock 
within the earth’s crust maybe thus stilted: Every fluid mass imp(‘Il<‘d 
upwards by pressure from below, or by the expansion of its own 
imprisoned vapour, has sought egress along the line of least resisiaiH*i!i. 
That line has depended in each case upon tlio structure of the tt‘rn‘.s|.rial 
crust and the energy of eruption. It may have l) 0 (*ii dctei’uiined by an 
already existent dislocation, by planes of stratification, by the. surfact* of 
junction of two unconformable formations, by coiitcmpoianeously fornuMl 
cracks, or by other more complex lines of weakness. Soinetiuuss I he 
intruded mass has actually fused and obliterated some of tlu^ rock which 
it- has invaded, incorporating a portion into its owu substam^e. 'Plu* 
shape of the channel of escape has determined the external form of the 
intrusive mass, as a mould regulates the form jissuiutMl ]>y cast-iron. 
This relation offers a very convenient means of classifying intrusive ro<'ks, 
According to the shape of the mould in which they liavo soli<liji<'<l, they 
may be arranged as — (1) bosses or amor])hous masses, (2) sills or shtu^ts, 
(3) veins and dykes, and (4) necks. 

§ 1. Bosses. 

Bosses (stocks) are amorphous masses that have disi-npliMl the rocks 
through which they rise. They consist cliiiifly of cryatalline, coarse- 
textured rocks such as granite and syenite, Imt include also <iuartz 
porphyries, felsites, ti-achytes, diorites, galibros, dialias(<s, and(isit(*s, 
dolentes, &c. Where rocks assume this form as well as tliat of sh{*cls, 
dykes, and contemporaneous bods, it is commonly olisorved that tlmv 
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are more coarsely crystalline when in large amorphous masses than in 
any other form. Pyroxenic rocks afford many examples of this character- 
istic. In the basin of the Forth, for instance, while the outflows at the 
surface have been fine-grained basalts, the masses consolidated under- 
neath have generally been coarse dolerites or diabases.^ 

It has already been pointed out that in the consolidation of an igneous 
rock, the more basic minerals have generally crystallized out first, and 
that the last portions of the mass to solidify have not infrequently a 
notably more acid character than those which solidified first. Hence the 
margin of an eruptive mass may show a more basic composition than the 
central portions which cooled more slowly. As we have seen, a remark- 
able range of composition may thus be found within the same boss.^ 
Again, if during the process of consolidation an intrusive mass should be 
ruptured and portions of the still liquid matter be forced into the rents, 
these veins or squirts will generally be found to be decidedly more acid 
than the rock in which they lie. 

Granite. — It was once a firmly-held tenet that granite is the oldest 
of rocks, the foundation on which all other rocks have been laid down. 
This idea no doubt originated in the fact that gi*anite is found rising 
from beneath gneiss, schist, and other crystalline masses, which in their 
turn underlie veiy old stratified formations. The intrusive character of 
granite, shown by its numerous ramifying veins, proved it to be later than 
at least those rocks which it had invaded. Nevertheless, the composition 
and structure of gneiss and mica-schist were believed to be best explained 
by supposing these rocks to have been derived from the waste of granite, 
•and thus, though the existing intrusive granite had to bo recognised as 
posterior in date, it was regarded as only a subsequent protnision of the 
vast underlying granitic crust. In this way, the idea of the primeval or 
fundamental nature of granite held its ground. From what is known 
regarding the fusion and consolidation of rocks {ante, p. 402 et mi.), and 
from the evidence supplied by the microscopic structure of granite itself 
(p. 144), this rock may bo regarded as having generally consolidated under 
great pressure, in presence of superheated water, with or -without liquid 
carbon-dioxide, fluorine*, «fec,, conditions which probably never obtixined at 
the earth's immediate surface, unless, perhaps, in those earliest ages when 
the atmosphere was densely loaded with vapours, and when the atmospheiic 
pressiu'o at the surface was great (p. 44). Whether the original cnist 
was of a granitic or of a glassy character, no indubitable trace of it has 
over been or is ever likely to be found. There can be no doubt, however, 
that the oldest known rocks are either granites, or granitoid gneisses 
which have probably been formed out of gi’anite. 

The presence of granite at the existing siuface is, doubtless, in all 
cases due to the removal by denudation of masses of rock under which it 
•originally consolidated. The fact that, wherever extensive denudation of 
an ancient series of crystalline rocks has taken place, a subjacent granitic 
nucleus is apt to appear, does not prove granite to bo of primeval origin. 

^ Bosses may uot iufrequeutly be laccolites laid bare by denudation, but without uxposurt* 
•of their foundations ; potitca^ p. 730, Bee pp. 710-712, and authorities there cited. 
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It shows, however, that the lower portions of crystalline rocks very 
generally assume a granitic type, and it suggests that if, at any part of 
the earth, we could bore deep enough into the crust, we should pvol>a]>ly 
come to a granitic layer. That this layer, even if general round the 
globe, is not everywhere of the highest geological antiquity, or at least 
has consolidated at widely different periods, is abundantly clear from the 
fact that in many cases it can be proved to be of later date than fossili- 
ferous formations the geological position of which is known ; that is, the 
granitic layer has invaded these formations, rising up through them, and 
possibly melting down portions of them in its progress. Granite invades 
and alters rocks of all ages up to late Mesozoic and Tertiary fonnations. 
Hence, it does not belong exclusively to the earliest nor to any one geo- 
logical period, but has rather been extruded at various epochs, and may 
even be in course of extravasation now, wherever the conditions required 
for its production still exist. As a matter of fact, granite occurs much 
more frequently in association with older, and therefore lower, than with 
newer and higher rocks. But a little reflection shows that this ought to 
be the case. Granite, having a deep-seated origin, must rise through the 
lower and more ancient masses before it can reach the overlying more 
recent formations. But many protrusions of gi‘anite would, doubtless, 
never ascend beyond the lower rocks. Subsequent denudation would bo 
needed to reveal these protrusions, and this very process would remove 
the later formations, and, at the same time, any portions of the granite 
which might have reached them. 

Granite frequently occurs in the central parts of mountain chains ; 
sometimes it forms there a kind of core to the various gneisses, schists, 
and other crystalline rocks. It appears in large eruptive bosses, which 
traverse indifferently the rocks on tJie line of which they rise, and com- 
monly send out abundant veins into them. Sometimes it even overlies 
schistose and other rocks, as in the Piz de Graves in the upper Engadiiie, 
where a wall-like mass of granite, with syenite, diorito, and altered rocks, 
may be seen resting upon schists.’- In the Alps and other mountiin 
ranges, it is found likewise in large bed-like masses which run in the same 
general direction as the rocks with which they are associated.*-^ 

Reference has already been made (p. 204) to some of the more marked 
varieties of texture and structure in granite bosses. To a few of these 
further and more detailed remarks may be appropriately inserted hero. 
The patches or enclosures in granite, which differ in colour, texture, and 
composition from the general mass of the rock,* may bo gx’ouped in two 
divisions : 1st, Angular or subangular fragments, probably in most casoa 
derived from the rooks through which the granite has been protruded. 
These are sometimes tolerably abundant towards the outer mai-gin of a 

^ Studer, ‘Geologie der Schweiz,* i. p, 290. 

2 On the granite of the Alps, see Michel-L4vy, BvZL Carte, OSoL Emuce, No. 9, 1890, 
No. 36, 1893 ; Dnparc et Mrazek, Mim, Soc, Phys, Hist JSt(xt, Gcnh^e, xxxiii. No. 1 (1898) ; 
D. Star, Verh. k. k, GeoL Emhsamt, v. (1864), p. 818 ; C. Schmidt, Bdtr, GcoL Karte. 
Schioeiz. Liefer, xxi. (1891) ; E. Weiuschenk, Abhmidl. Bayer, Akad, ii class. xvUl. (1894),. 
p. 67. ** 
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boss. .They usually show considerable contact-metamorphism, due no 
doubt to the influence of the eniptive rock in which they are enclosed. 
2nd, Globular or rounded concretions, due to 
some process of segregation and crystallization, 
in the original still ujbconsolidated granite. 

Examples of this nature o^ur in the Cornish and 
Devon granite, as in Fig. 297, which was long 
ago cited by De la Bdche as showing a central 
cavity (a), not quite filled with long crystals of 
schorl surrounded with an envelope of quartz 
«and schorl (Z>), outside of which lies a second 
envelope (r) of the same minerals, the schorl 
predominating, the whole being contained in a 
light flesh - coloured and markedly folspathic 
granite {cl). But more remarkable concretionary 
forms have since been observed in many granites, 
some of them presenting an internal radial con- 
centric arrangement, and recalling the orbicular structure of some diorites 
(Napoleonite) (Fig. 8). Such concretionary aggi’ogations are generally 
more basic than the suiTOunding granite.^ 

Of more importance, as attecting a much larger proportion of a granite 
boss, are the difierences of texture and of structure not infrequently tmce- 
able from the margin to the centre. Like most intrusive rocks, gi*anite is 
apt to be more close-grained at its contfict with the surrounding strata 
than in the centre of its mass, though it does not show this contrast so 
strikingly as the more basic rocksj, such as ga])bro, diabase, and dolerite, 
probably because it was injected at depths whore the surrounding rocks 
were hot, whereas the basic rocks visible at the surface were, for the most 
part, erupted among cool rocks, where along the contact the igneous masses 
were rapidly chilled. Certain characteristic varieties of texture and even 
to some extent of composition may be ri*.c,ogni.s(*d in many granite areas. 
In particular the marginal portions not infrequently present a foliated 
aiTangemont which simulates the structure of gneiss, the folia being 
rudely parallel to the margin of contjict and either verticjil or dipping 
at high angles away from the core of granite. It has boon already 
stated that in some granite bosses a striking gradation can bo traced 
even into picrites and serpentines. 

A (letailod study lias bofH made by IVofossor Charles Barruis of tlio granulitcs (r.^. 
granites with two micas) of the Mnrbihau in Brittany. Ho has shown that the large 
bosses, measuring some hundrnils of square kilometres, present certain well-marked 
modifications aiot only of structure but of composition, as they are traced from the 
centre to the })oriph<^ry, while the smaller bosses show no such modifications and arc 
to be vogartbd merely as apophyses from those of largo size. The modifications along 
the contact do not arise from any exchange of substance betwocu the granite an<l the 
surroumling rock, but solely from the influence of ooolingiwhich has alfected the orienta- 
tion of the minerals, their grouping and their order of crystallization. Where the 

^ Sec the paiiera on orbicular granite cited on p. 20fi, also Havker and Marr, Q. J, <L K 
xlvii. (1891), p. 280. 



I‘'ig. CJrystjilliiio goo<lft in 
grail ito, Dartmoor (li.). 
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granite has risen parallel to the strike of the adjacent strata, it usually i)asses from its 
ordinary granular into a porphyroid sti’ucture, 'svith its large constituents arranged 
parallel as in flow-stnicturo ; where, on the other hnncl, it breaks across the bedding, it 
has assumed a finely granular massive character (aplite) with its crystalline constituents 
showing regular geometric forms. These variations are thus proved, in this particular 
instance, to depend on the influence of the surrounding envelope, which though chemically 
inactive, ofiers considerable diversity as a conductor of beat and of pressure. The 
crystallization of the constituents of the rock took ifiace progressively from the outsith^ 
inwards, that is, from a mass still in motion across a magma that had come to rest and 
which shows now no trace of flow. But besides this marginal band of “porphyroid 
granulite,’* the external portions of the southern flanks of the bosses present a remark* 
able schistose stnicture which, likewise limited to a i>criphei*al zone, resembles that of 
gneiss, both fine-grained and glandular (augen -gneiss). Examined in detail the mica- 
flakes of this gneissic band are found to be torn and drawn out, the felspar crystals 
deformed, broken, and blunted, indicating the powerful mechanical forces which have 
aftected the rock. These crushed constituents have subsequently been rc-comeuted by 
membranes and fibres of white sericitio mica, sometimes of black mica, and by sheets of 
secondary granular quartz, formed out of the triturated debris of the older ingredients. 
Considering the gi'adual passage of these schistose selvages into the ordinary granular 
rock, and the further fact that the schistose structure occurs only on the southern Hanks 
of the granitic bosses of the Morbihan, Dr. Barrois attiibutes this structure to a power- 
ful lateral pressure which has acted in a direction from south to north. ^ 

Eelation of Granite to contiguous Eocks. — From nn early 
period the attention of geologists has been given to the evident 
mineralogical change which has taken place among stratified rocks as 
they approach a mass of granite. This change is developed within a i*ing 
or areola (Fig. 300) which encircles the granite, and varies in l)rea(ltl» 
from a few yards to two or three miles. The most intense alteration is 
found next the granite, while along the outer margin of the areola tln^ 
normal character of the rocks is resumed. In some cases, liowever, no 
perceptible trace of alteration can ])e detected next a mass of granitic. Of 
the European examples of contact-metaniorphism, those of Devon and 
Cornwall, Ireland, Scotland, the Harz, Vosges, Pyrenees, and Norway 
have long been known. Instructive illustrations of the same f(^atnr(‘.s lui.\'e 
been found all over the world. The nature of the metamorphism thus 
superinduced upon rocks is more particularly' discussed at pp. 77tS-7S3. 


u 



FIk. 21)8.-- Section ftcrosH jMirt of the j?miilln i«*lt of tho KOiitli-»*UHt of i rein ml. 
n, Oraiiito ; h h, patches of Lower snuriau rocks lying on the gninlto at viirions iHsUimts rmiii the 
main Lower Hilurfftii <■ r. 

The soutli-east of Ireland supplies au admirable illustration of the relation betwiicn 
granite and its surrounding rooks (Fig. 298). A mass of granite 70 miles in length and 
from 7 to 17 in width stretches there from uorth-onst to aoutb-wesi, mwly along the 
strike of the Lower Silurian rocks. These strata* however, have not been \ipraised hy it 
in such a way as to expose their lowest beds dipping away from the granite. On the 
contrary, they seem to have been contorted jwior to the appearance of that rock ; at 

^ JntJ. iSIrJc. (J&jL yoni. .w. (1887), i>i). I-IO. 
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least they often dip towards it, or lie horizontally or undulate upon it, apparently with- 
out any reference to movements which it could have produced. As Jukes showed, 
the Silurian strata are underlain by a vast mass of Cambrian rocks, all of which must 
have been invaded by the granite before it could have reached its present position. He 
infers that the granite must have slowly and irregularly eaten its way upward through* 
the Silurian rocks, absorbing much of them into its own mass as it rose. For a mile or , 
more, the stratified beds next the granite have been altered into mica-schist, and are 
pierced by numerous veins from the invading rock. "Within the margin of the granitic 
mass, belts or rounded irre^lar patches of schist (6 b) are enclosed ; but in the central 
tracts, where the granite is widest, and where therefore we may suppose the deepest 
parts of the mass have been laid bare, no such included patches of altered rock occur. 
From the manner in which the schistose belt is disposed round the granite, it is evident 
that the upper surface of the latter rock, where it extends beneath the schists, must bo 
very uneven. Doubtless the granite rises in some places much nearer to the present 
surface of the ground than at others, and sends out veins and strings which do not 
appear above ground. If, as Jukes supposed, a thousand feet of the schists could be 
restored at some parts of the granite belt, no doubt the belt would there be entirely 
buried ; or if, on the other hand, the same thickness of rock could be stripped off some 
parts of the band of schist, the solid granite underneath would be laid bare. The extent 
of granite surface exposed must thus be largely determined by the amount of denudation, 
and by the angle at which the upper surface of the granite is inclined beneath the 
schists. Where the inclination is high, prolonged denudation will evidently do com- 
paratively little in widening the belt.^ But whore the slope is gentle, and especially 
where the surface undulates, tlio removal, for some distance, of a comparatively slight 
thickness of rock, may uncover a large breadth of underlying gi’anite. Portions of the 
metamorphosed rocks loft by denudation upon the surface of the granite boss, are relics 
of the deep cover i;udor which the granite no doubt originally lay, and, being tougher 
than the latter rock, they have resisted waste so as now to cap hills and protect the 
granite below, as at the mountain Lugnaquilla (L in Fig. 298), which rises 3039 feet 
above tbo sen. 



Elg. UDO.— Section of Blioveiiainatldy, Mourne Mountaiiw. 
a a, Lower SiUivUin stnitti dIpi>iTig at angles ; b b, Dykes of basalt (melaphyre), cutting these strata 
but truncated by the gnuiito r, wliieh along the outer margin ami in extruded veins passes into a 
. quttrtz-pori)byry, d d. 

Observations by Professor Hull and Mr. Traill, have shown tliat in the Moume 
Mountains, a mass of (probably Tertiary) granite has in some parts risen up through 
highly inclined Silurian rocks, which consequently seem to bo standing almost upright 
upon an underlying boss of granite. The strata are sharjily truncated by the ciystalline 
mass, an<l arc indurated but not otherwise altered. The intrusive nature of the granite 
is well shown by the way in which iiunieroua dykes of dark melaphyre arc cut oif when 
they reach that rook.® The accompanying diagram (Fig. 299) is taken from one of the 
sections in which this structure is ].K)rtrayed by these observers. 


^ See Jukea*8 ‘ Manual' of Geology,' 3rd ed. p. 243. 
® Horizontal Section No. 22, Geol. Surv. Ireland. 
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In the Lower Silurian tract of the south of Scotland several largo intrusive bosses of 
granite occur (Fig. 300). The strata do not dip away from them on all sides, hilt with 
trifling exceptions maintain their normal KE. and S.W. strike up to the granite on one 
side, and resume it again on the other. The granite indeed has not merely pushed aside 
•the strata so as to make its way past them, but actually occupies the place of so much 
, Silurian greywacke and shale, which have disappeared, as if they had been pushed or 
blown out, or had been melted up into the granite. There is usually a nictainori)hosed 
belt of about a mile in width, in which, as they approach the granite, the stratilied rocks 
assume a thoroughly schistose character. Numerous small, dark, often angular patches 
or fragments of mica-schist may be observed in the marginal parts of the granite. 
Occasionally gi'auite-veins protmde from the main masses ; in the metamorphoHccl 
zone which surrounds the Criffel granite area in Kirkcudhnght, hundreds of dykes and 
veins of various felsitic or elvanitic rocks occur (see p. 739).^ 

Similar features are presented by the granite bosses of Devon and Cornwall, which 
have risen through Devonian and Carboniferous strata. The Dartmoor mass is 
specially instructive. As shown by the early wmrk of De la Beche, it passes across the 
•boundary between the Devonian and Carboniferous areas, extending chiefly into the 
latter, so that it cuts across strata of different ages. In doing so it has risen irresistibly 
through the crust, without seriously affecting the general strike of the rocks. It cuts 
volcanic bands, as well as grits and shales, into which it sends veins.“ 

A striking feature along the marginal parts of some gi*anites is the extent to which 
they have absorbed or incorporated the material of the rock through which they hav<‘. 
risen. In some cases all that can he recognised of the sedimentary rocks thus attacked 
is in shreds, patches, and streaks imbedded in a paste of igneous origin. Sucli a paste is 
described by Mr. Teall as illustrated by a eordierite gneiss from Aberdeenshire, where the 
igneous constituents are represented by oligoclase, biotite, orthoclase, and quartz, while 
the sedimentary portion is indicated by eordierite, quartz, biotite, sillimanitc, iron-ores, 
and a green spinel.^ The process of absorption is perhaps best seen where tlie iiivatlcd 
rock is markedly basic, os where gabbro has been attacked by granophyro in the north- 
east of Ireland, the Lake district, and the north-west of Scotland, to which reference 
will be made on a later page (p. 776). So far as observation has yet gone, this iucor- 
poration of foreign material is mainly a peripheral phenomenon among intrusive rocks. 
How far it has ever been carried into the body of a great granite mass, so as np])rcciahly 
to affect the structure and composition of the body of the rock, has not been ascertained. 

Injection of Granite — Granitisation. — The permeation offliflbront 
rocks by granitic material has been ranch studied in I'ecent years. JVI. 
Michel-L6vy, who has devoted especial iittention to the subject, believes 
that two types of this permeation may be recognised. Tn the 
one case the material has so absorbed the surrounding rocks that no lino 
of demarcation can be drawn between them. In the second typo the 
granitic magma has insinuated itself between the finest divisional i)hines 
of the schists, saturating them and forming alternate folia of schist 
and granite. This remarkable structure, termed by the distinguished 
French geologist lU-faT-lit injection, was first described by him from ex- 
amples which he had met with in France. He saw that so minute ami 


^ Explanation of Sheets 5 and 9, Geological Survey of Scotland. The coutuct-meta- 
morphism of these granite bosses is described poafea, p. 779. 

® De la Beche, ‘ Report, Devon and Cornwall,* p. 1 66. J. A. rhillips, Q, u, K 
xxxiv p 493. Compare the action of the Tertiary granites of Skye, Trans. Itotf. 
xzxv. (1888), Fig. 66, p. 170, and the papers of Hnrker and Sollas, cited mstetL p. 770 
® Address, Q. J. G. S. Iviii. (1902), p. Ixxiv. 
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intimate was the interpenetration of the granitic material that the 
resulting aggregate became neither a true granite nor an ordinary schist. 
The quartz and felspar have crystallized between the planes of stratifica- 
tion, cleavage, or foliation so as to transform, for example, a clastic clay- 
slate into a rock which could only with difficulty be discriminated from 
ancient gneisses.^ A similar structure is displayed in many parts of the 
Scottish Highlands. Messrs. Horne and Greenly have described an in- 
structive example of it from Sutherland. They show that the whole mass of 
rock must have remained for a long time at a high temperature, for even 
where the granite sends sills and veins into the schists it never shows any 
sharp fine-grained or “ chilled ” edges, but seems to merge insensibly into 
the environing rock, through a series of thinner and thinner lenticles, or by 
a dovetailing with the biotitic folia of the gneiss. The granites them- 
selves are likewise foliated, part of this structure being apparently due to 
the incorporation of the quartzo-felspathic elements of the schists into 
those of the granite, every gradation being traceable from inclusions 
that retain their natural orientation down to the merest trains of mica- 
fiakes.2 

In connection with this subject it may here be remarked that the close 
relationship between granite and the crystalline schists has long been 
recognised. It was formerly believed by many geologists that some granite 
is of metamorphic origin, that is to say, may have been produced by the 
gradual softening and recrystallization of other rocks at some depth 
within the crust of the earth. As gradations can be traced from gneiss 
through less distinctly crystalline schists into unaltered strata, the granite 
into which such gneiss seems to pass was looked upon as the extreme of 
metamorphism, the various schists and gneisses being less advanced stages 
of the process. Subsequent observation has shown that though granite 
must be regarded as properly an eruptive and not a metamorphic rook, 
yet that such a transformation alike of altered sediments and of the 
granite itself as are involved in lU-par-lit saturation, introduces us to a 
kind of double metamorphism, in view of which the old idea of meta- 
morphic granite does not now appear so utterly contrary to nature. 

Connection of Granite with Volcanic Rocks. — The manner in 
which some l)ossos of granite penetrate the terrestrial crust strongly re- 
cidls the structure of volcanic necks or pipes (p. 748). The granite is 
found as a circular or elliptical mass which seems to descend vertically 
through the surrounding rocks without seriously disturbing them, as if a 
tube-shaped opening had been blown out of the crust of the earth, up 
which the granite had risen. Several of the granite masses of the south 
of Scotland, above referred to, exhibit this character very strikingly (Fig. 
300). That granite and granitoid rocks have probably been associated 
with volcanic action is indicated by the way in which they occur in con- 
nection with the Tertiary volcanic rocks of Skye, Mull, and other islands 
in the Inner Hebrides. Jukes suggested many years ago that granite or 

1 n. S. O. S. F. ix. (1881), p. 187 ; xvi. (1888), p. 221, “Sur I’origine des Terrains 
cryatallina priniitiffl,” 

a Q. J. 0. S, lii. (1896), p. 688. 
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granitoid masses may lie at the roots of volcanoes, and may be the^ source 
whence the more silicated lavas proceed.^ 

Bosses of other rocks than Granite. — On a smaller scale usually than 
granite, other crystalline rocks assume the condition of amorphous bosses. 
Diorite, syenite, quartz-porphyry, gabbro, and members of the diabase 
and basalt family have often been erupted in irregular masses, parti}'- 
along fissures, partly along the bedding, but often involving and appn,- 
rently melting up poitions of the rocks through which they have made 
their way. Such bosses have frequently tortuous boundary-lines, sinco 
they send out veins into, or cut capriciously across, the surrounding 
rocks. 



Pig. 800.— Plan of granite boss, Caimsinoro of Fleet, Scotland. 

Tlie granite area (c) is from 7 to 10 miles in diameter, rising through highly iucliuod nownr Silurian 
strata (a), among »hlch are some conspicuous bauds of black anthracitic and gmptolitic Hhales (/) /»)• 
The arrows show the direction of dip; the parallel lines that of the strike. The ring within the 
dotted line round the granite defines the areola of inetauiorphisin. 

In Wales, as skown by the maps and sections of the Geological Survey, the Low(sr 
Silurian formations are pierced by huge bosses of different crystalline rocks, mostly in- 
cluded under the old term “greenstone,” which, after running for some way with the 
stiike of the strata, turn round and bi’eak aci'oss it, or branch and traverse a consider- 
able thickness of stratified rock. In Central Scotland, numerous ina-sses of dolorito or 
diabase have been intruded among the Lower Carboniferous formations. One horizon 
on which they are particularly abundant lies about the base of the Carboniferous Liin(*stone 
series. Along that horizon, they rise to the surface for many miles, sonietiinus ascend- 
ing or descending in geological position, and breaking hero ami them abrui»tly a(iros.s 
t e strata.- Gaps occur where they do not appear at the surface, but as they resurne 
their position again not far off, it may be presumed that they arc really connccbul und(iv 
ese blank intervals. In the Inner Hebrides huge bosses of gabbro occur as well asr 
granophyre and other acid rocks in the midst of the Tertiary volcanic series. 

Effects on Contiguous Eocks. — The contact-metamorphisiu around 
bosses of diorite and other rocks includes alteration of the texture and 

1 • Manual of Geology,’ 2nd ed. p. 93 ; A. G., Tmns, QeoL Edln. li. p. 301 ; Tmm, 
>Sbc. Mdiii, XXXV. (1888). p. 150 ; Judd, q. J, a, K xxx. p. 220 ; lleyer, JaM. Oeol. 
Rea^saiisL 1879, p. 405, and his ‘ Beitrag zitr Pliysik der Eruptioiien.’ 

® A. G., Trains. Roy. Soc. Edin. xxix. p. 476. 
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even tjie mineralogical composition of the rocks through which the intrusive 
mateiial has been erupted. The amount and nature of the change pro- 
duced vary with the character and bulk of the eruptive mass, as well as 
with the susceptibility of the surrounding materials to alteration. Diorite, 
diabase, melaphyre, basalt, felsite, and other eruptive rocks are not 
infrequently accompanied by considerable metamorphism of the adjacent 
strata, though the change seldom approaches the intensity of that around 
large areas of granite. These phenomena are manifested also by intrusive 
sheets, dykes, veins, and necks. They belong to the series of changes 
embraced under the head of contact-metamorphism, and are grouped to- 
gether for description in the next Part (pp. 776-785). 

Effects on the Eruptive Mass. — Allusion has been made above to 
the displacement of rocks by eruptive bosses, as if the original material 
that filled the present area of these bosses had been blown out, pushed 
up, or melted down into the advancing column of the igneous magma. 
If any serious amount of material were incorporated by fusion into an 
eruptive mass we should expect to be able to detect some change in the 
chemical composition or crystalline structure of the rock so affected. 
Eeference has already (p. 710) been made to examples of this kind in the 
case of granites, granophyres, or other acid rocks which have assimilated 
portions of such a basic rock as gabbro. But though probably on a smaller 
scale, some comparable change may be expected along the contact of much 
more basic rocks than granita There is reason, for instance, to suspect 
that the thick dolerite sills of Central Scotland, above alluded to, have 
attacked the strata, particularly the limestones, through which they have 
risen. The observations and deductions of Dr. Stecher on the variations 
in the composition of these intrusive sheets {postea-, p. 775) deserve con- 
sideration, for they appear to indicate that considerable petrographical 
differences may be induced on a basic igneous mass by the incorporation 
into its substance of portions of the surrounding rocks. A remarkable 
change is superinduced on basic intrusions when they come in contact 
with coal or with carbonaceous shales. They become pale in colour and 
earthy in texture, and assume the aspect of “white trap” (p. 775). 

Connection with Volcanic Action. — There can be little doubt 
that in regard to eniptive masses, particularly of the dioritic, gabbro, and 
doleritic or basaltic series, though the portions now visible consolidated 
under a gi'cater or less depth of overlying material, they must in many 
cases have been directly connected with superficial volcanic action. Some 
of them may have been underground ramifications of the ascending molten 
rock, which poiu'ed forth at the surface in streams of lava, though these 
superficial portions have been removed by denudation. Others may mark 
the position of intruded masses which were arrested in the unsuccessful 
attempt to open a new volcanic vent. The gabbro and graiiophyre 
bosses of the Inner Hebrides were undoubtedly a part of the general 
Tertiary volcanic phenomena of that region. 

Connection with Crystalline Schists. — In some regions masses 
of diorite, gabbro, diabase, &c., associated with crystalline schists have 
undergone such a rearrangement of their component minerals as to pass into 
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amphibolites and hornblende-schists. These changes are well developed 
in the Saxon Granulitgebirge and in the North of Scotland. They are 
further referred to at pp. 735, 787, 797, 889, 893, and Figs. 266, 367. 



§ 2. Sills, Intrusive Sheets. 

Emptive masses have been intmded be- 
tween other rocks, and now appear as more 
or less regularly defined beds. In many 
cases, it will be found that these intrusions 
have taken place between the planes of 
stratification. The ascending molten matter, 
. after breaking across the rocks, or rather, after 
'S ascending through fissures, either previously 
I formed or opened at the time of the outburst, 
^ has at last found its path of least resistance 
to lie along the bedding-planes of the strata. 
I Accordingly it has thrust itself between the 
I beds, raising up the overlying mass, and 
m" solidifying as a nearly or exactly parallel cake, 
I sheet, or sill. 

^ It is evident that one of these intercalated 
I sheets must present such points of resemblance 
to a subaerial stream of lava as to make it 
I occasionally a somewhat difficult matter to 
I determine its true character, more especially 
I when, owing to extensive denudation, or other 
cause, only a small portion of the rock can 
I now be seen. Intrusive sheets are marked 
I by the following characters, though these must 
I not be supposed to be all present in every 
I case. (1) They do not rigidly conform to the 
•S bedding of the rocks among which they are 
33 intercalated, but sometimes break across it, 
Ji and run along on another platform. (2) They 
^ catch up and involve portions of the surround- 
S ing strata. (3) Tliey sometimes send veins 
into the rocks above and below them. 
(4) They are connected with dykes or pipes 
which, descending through the rocks under- 
neath, have been the channels by which the 
sills were supplied. (5) They are commonly 
most close-grained at their upper and under 
surfaces, and most coarsely crystalline in 
the central portions. (6) They are rarely 
cellular or amygdaloidal. (7) The rocks both 
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above and below them are usually hardened and otherwise more or less 
altered.^ 

The term “Sill” is derived from the remarkable example in the north of England, 
which has long been known as the Great Whin Sill.^ This intrusive sheet is traceable 
for a distance of 80 miles and has a total area of perhaps not less than 1000 square 
miles. It varies in thickness from less than 20 to as much as 150 feet, but averages 
from 80 to 100 feet. It is clearly intrusive, for it breaks across from one platform of 
strata to another, metamorphosing the rocks with which it is in contact (Fig. 302 and 
p. 773). 


Qiuldron Snout p^i^jQrTeos 

Fig, 30-2.— Section showing the position of the Great Whin Sill between the Limestone escarpment on 
the west and the Millstone Grit hills east of Teesdale. 

1, Silurian strata ; 2, Carboniferous Limestone series ; 3, the Great Wliin Sill, which becomes thinner 
and rises to a higher stratigraphical position as it goes westward ; 4, Millstone Grit. 


Another well-known and (from its association with the Huttonian and Wemeiian 
disputes) classical example of this structure is the mural escai*pment called Salisbury 
Crags at Edinburgh (Fig. 303).^ This is a sill of crystalline diabase (dolerite), which 



Fig. 308.— Diagranniiatlo view of Salisbury Crags, Edinburgh— a Sill in Carboiiiferuus saudstoneB 

and shales. 


can bo traced for a distance of 1500 yards, lying among the red and grey sandstones, 
shales, and impure limestones which lie at the base of the Carboniferous system of 
Central Scotland. As the general dip of the rocks is north-easterly, the sill forms a lofty 
cliff facing west and south, from the base of which a long grassy slope of debris stretches 

^ Mr. E. Howe, as above cited (p. 329), has conducted some experiments to illustrate the 
intriisiou of igneous material suggested by the stinioture of the laccolites of the Black Hills. 
21s^ iiep. 17. iSf. (7. S, (1901), pp. 163-305. 

2 See Topley and Lebour, J. Q, S, xxxiiL (1877), p. 406 ; J. J. H. Teall, op, cit 
1884 ; Hutchings, Qed, Mag, (1898), pp. 89, 123. The word “SUl” was probably applied 
by the. inhabitants to this flat cake of d^k stone at the base of the hills, from its fancied 
resemblance to the sill or threshold of a house. 

® Another analogous sill which forms the picturesque rook of Stirling Oastlo has been 
described by Mr. H. Monckton, Q. J. 0. S, IL (1896), p. 480. 


Mckstone Edie (2292 Ft) 
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down to the valley in front. Its thickness at the highest part is about 80 feet, hut at a 
distance of 650 yards to the north this thickness diminishes to less than a half. At 
first, the diabase might be taken for a conformable sheet, regularly interposed between 
the sedimentary strata. But an examination of the beds on which it rests shows that it 
transgressively passes over a succession of platforms, and eventually comes to rest at the 
'east end on strata somewhat lower in geological position than those at the north end. 
Moreover, another parallel intrusive sheet intercalated in a lower portion of the sand- 



Pig. 304. — Section at "base of floutli front of Sjilisburj' Crags, showing portion of strata cut out by 
intrusive diabase, a, samlstones, shales, &c . ; Z>, diabase. Length of section, 22 feet. 


stone series gi-adually approaches the rock of Salisbury Cmgs. They are both ti*ans- 
gressive across the strata, and they appear to unit in a large mass called Samson’s Ribs. 

On the west front, a large dyke-like mass of the diabase descends vertically through 
the sandstones, and has been regaided as not improbably a pipe or feeder, up which the 
molten rock originally rose (Fig. 303). Along the southern face of the escarpment, 
several instructive exposures show the behaviour of the diabase to the strata through 
which it has made its way. In Fig. 304, for example, a portion of the undeflying 



Fiff- 806. gou^ 

Fig. 305.— MasH of sandstone and shale (n) imbedded in the dinhaae (6) of I3alisbuiy Cnigs, and 
injected with veins and threads of it. 

Pig. 806.— Junction of intrusive diabase with suiidstone, Salisbury Omgs. MagJiiJied 20 diamotors.— 
The granular portion at the bottom of the drawing is sandstone, a iwrt of which is Involved In 
the diabase that occupies the rest of the sli.le. Tlie dai-ker iwrtion next the Handstono is a vitn^ous 
substance which has been soriwsntiuizeil. It coiitahis C 2 y 8 tals of plagioclaao and vaiwur vcHleb‘s 
drawn out in the direction of flow. Above the darker part tlie glassy condition nipldb' iwisses 
into ordinary but minutely crystalline diabase. Tlio rock has been considerably altered, calcito 
occupying many of tlie vesicles and Assures. 


Strata having been carried away, the diabase has wedged itself below one of the 
remaining broken ends. Again, veins and threads of the eruptive rock have been 
injected into fragments of the steata caught up in its mass (Fig, 305)., The strata iu 
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contact with the diabase have been much hardened, the shales being converted into a 
kind of jjbrcellauite, and the sandstones into quartzite.^ The diabase in the centre of 
the bed is a coarse-gi’ained rock, in which the component minerals can readily be detected 
with a lens, or even with the unassisted eye. But as it approaches the sedimentary 
beds, above and below, it becomes finely crystalline. I have had sections cut for the 
microscope, showing the actual junction of the two rocks (Fig. 306). In these it is interest- 
ing to observe that the diabase, for about the eighth of an inch inwards from its edge, 
consists mainly of an altered glass in which lie well-formed crystals of triclinic felsimr 
and numerous opaque tufted microlites (probably augite and iron o res). An inch back from 
the edge, the glass and the microlites have alike disappeared, and the rock is merely a 
crystalline diabase, though finer in grain than in the central portions of the bed. 
Numerous steam- or gas-vesicles occur in the vitreous part, some of them empty, but 
mostly filled with calcite or a brown ferruginous earth. There can bo little doubt that 
the vitreous structure of this marginal film was originally that of the whole rock. The 
thinness of the glassy crust is in harmony with all that is known as to the feeble 
thermal conductivity of lava. When the rock was intruded, it was no doubt a molten 
glass containing much absorbed vapour, the escape of which at its high temperature was 
probably the main agent in indurating the adjacent strata. This greater closeness of 
texture at the contact, duo to rapid solidification against a cold surface, forms one of 
the distinguishing marks of an intrusive as contrasted with a contemporaneous sheet 
(p. 753). Microscopic examination of these marginal parts in many of the intrusive 
sheets of Central Scotland, shows that even where no distinct glass refnains, the rock is 
crowded with black opaque microlites arranged in a delicate geometric network. Back 
from the surface of contact, the microlites disappear, and the inagnotite or titaniferous 
iron assumes its ordinary ciystallino and often indeterminate or imperfect contours. 



Fijj;. y07.— Section acroKK ScliwluilUou, IVi-tliKliirc, Mcotlnud. 

1, Micn-scliistH ; 2, Liinastouc Iwiinirt; 3, Umpliitio hcIuhIs ; 4, Quaitz-HCliistH ; /, Fault. 
The thick black lines mark iiitercalatwl opidiorlto sills. 


In regions of crystalline schists, sills sometimes play a conspicuous Thus, in 

the Scottish Highlands, sheets of iutrusivo material injected among the original sediiuonts 
have been plicated and metamorphosed together wutli those strata, and now appear as 
epidioiite and ainphibolite-sohist (Figs, 307 and 370). They occur on various horizons, 
and break across into higher or lower parts of tlie series. 

Another lithological characteiiatic of the intrusive, as compared with 
the interstratifiod sheets, is the considorable variety of coin| 3 ositioii and 
structure which may be detected in different portions of the same mass. 
A rock which at one place gives under the microscope a crystalline- 
granular texture, with the mineral oloxueuts of diabase, will at a short 
distance show a coarsely crystalline texture with abundant orthoclaso 
and free quartz — minerals which do nob belong to normal diabase — dr 
may be traversed by veins of fine-grained siliceous material. These 

^ Mr. Sorby has observed in »pecimeus from this locality sliced by him for niieroseopie 
examination that the Iluid cavities in the (juartz-graius have bee.n emptied. Q. J. iL S. 
xxxvi., Address, p. 82. But see Dr. Steoher’s papers quoted p. 775. He descrilics the 
contact pheuomoua of the Carboniferous sills in the basin of tlio Forth. 
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differences, like those above referred to as noticeable among amorphous 
bosses, seem to point to successive stages in the consolidation of a' molten 
magma, of which the more basic constituents separated first. But some- 
times they suggest that great intrusive sheets have here and there 
involved and melted down portions of rocks, and have thus acquired 
locally an abnormal composition.^ 

Mr. Gr. K. Gilbert has described, under the name of “Laccolite,"’ a 
variety of the sill-structure, which he observed originally in the Henry 
Mountains, Southern Utah, and which has since been recognised in many 
other districts. Large bosses of igneous material have risen from 
beneath, but instead of finding their way to the surface, have spread out 
laterally and pushed up the overlying strata into a dome-shaped elevation 
(Fig. 308). Here and there, smaller sheets proceeding from the main 
masses have been forced between the beds, or veins have been injected 
into fissures, and the overlying and contiguous strata have been consider- 
ably metamorphosed. 2 Subsequent denudation may expose a laccolite as 
a boss (p. 723). 



Fig. S08.--Ideal section of throe “Laccolites," after Gilbert. 


Effects on Contiguous Rocks. — Admirable examples of the 
alteration produced by eruptive masses are not uncommonly presented 
at the contact of intrusive sheets with the suiTounding rocks. Induration, 
decoloration, fusion, the production of a prismatic structure, conversion 
of coal into anthracite, of limestone into marble, and other alterations, 
may be observed. The nature of these changes is described at p. 766 d# seq. 

Connection with Volcanic Action. — Many volcanic rocks occur 
in the form of sills, as quartz-porphyry, rhyolite, orthophyre, trachyte, 
diorite, melaphyre, diabase, dolerite, basalt, serpentine and others. The 
remarks above made regarding the connection of intrusive bosses with 

^ A, G., iTraris, Roy, Soc, Edin. xxix. p. 492. Clough, OeoL i/fl//. 1880, p. 433. See 
also J. *J. H. Teall, Q. J, 0, S. xl. p. 247 ; xlvlii. p. 104, and Stoohor’s papers already cited. 

^ ‘Geology of the Henry Mountains,* XJ.S. Geog. and Geol. Survey, Washington, 1877; 
JonTii, OeoL iv. p. 816 ; Whitman Cross, liik Ann, U,S, OeoL JSurv, 1892-93. A 
similar structure was figured and described by C. Maclaren, ‘Geol. of Fife and Lothians,* 
1889, pp. 100, 101. The gahbros of Skye have been injected in this way into the sheets of 
the great basalt-plateau. A. G., Trans, Roy. JSoc, Edin, xx.\v. (1888), p. 122. See also 
J. D. Dana, Amer, Joum, Sci, xliii. (1891), p. 79. 
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volcanic action may be repeated with even greater definiteness here. 
Intrusive sheets abound in old volcanic districts, intimately associated 
with dykes and surface-outflows, thus bringing before our eyes traces of 
the underground mechanism of volcanoes. They frequently occur among 
the rocks that lie beneath a mass of ejected lavas and lufl’s, or traverse 
the lower, sometimes even the upper parts of the volcanic mass. In 
some cases, therefore, they may mark later stages of eruption when the 
orifices of discharge had become choked up and the subterranean energy 
only sufficed to inject the magma between the bedding of the rocks 
below ground but not to impel it to the surface, while in other instances 
they may belong to the time before the magma had been able to effect 
an egress to the surface, and when it was consequently forced between 
the strata at some depth below. It is observable that later intruded 
masses are often more acid than the lavas previously erupted.^ 

Among the Palfeozoic and Tertiaiy volcanic regions of Britain numerous illustrations 
of associated sills are to be found. Some of the most striking are those that emerge 
from beneath the great erupted masses of Arenig and Bala age in North Wales. Admir- 
able examples occur among the Carboniferous volcanic rocks of the basin of the Forth.'-^ 
The Tertiary sills injected among Carboniferous and Cretaceous rocks of Antrim and 
the Jurassic rocks of the Inner Hebrides are likewise conspicuous for size and abundance.-* 
The extent to which lava niay be injected in thin layers between the planes of the 
strata is strikingly displayed. near the base of the great basalt plateau of Skye. In 




PI«. 300.— Tliiu lutruHivo Sho^^tH iiu<l Veins injected iuin carbonaceous shales lying between lavas, 

south of Portree, Hkye. 

Fig. 309, for example, a section is represoutod of a band of carbonaceous shale, eight or 
nine feet thick, intercalated between a slaggy vesicular dolorite (a) and a finely vesicular 

^ A. C., Tra 7 Ls, Roy. Soc. Edin, xxxv. (1888), p. 143. /. G. S. xlviiL (1892), Address, 

p, 177. * Aucient Volcanoes of Great Britain,* ii. i>. 477. 

- Tram. Hoy. Sor. Edhu xxix. p, 474. 

® Ojf;. cit. xxxv. (1888), p. 111. ‘Ancient Volcanoes of Great Britain,’ chaps, xlii. 
xliv. and xlviii. 
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basalt (/). In tbe portion of this band marked d, two or three feet in thickness, more 
than a dozen thin sills of basalt have been thrast between the sti‘ata of shale. Some 
of these have broken up into detached nodule-like portions, so as to resemble tnie 
sedimentary concretions. The thicker sheets (o') are here and there connected with 
veins (c), which cross the thinner sills or (c) traverse the overlying basalt (/). Probably 
the latest rock of the group is the dyke (^r). Such a section brings vividly before the 
mind the energy and persistence with which molten inateiial has been injected along 
those platforms whereon, as in this shale band, it could most easily force its way.^ 

§ 3. Veins and Dykes. 

The term “vein’' is rather vaguely employed by geologists. It is 
used as the designation of any mass of mineral matter which has solidified 
between the separated walls of a fissure. AVhen this mineral matter has 



Fig. 310.— Intrusive Veins and Dykes of Aiidesitfl in Tiilfof a Volctiuic “Nock,” KonfiTwshirc. 


been deposited from aqueous solution or from sublimation, it forms what 
is known as a mineral-vein (p. 812). When it has been injected in a 
molten or pasty state into some other rock, it is an eni0v(i mn, or, if 
in a vertical wall-like mass, a dyh. When it forms part of the igneous 
rock in which it occurs, but belongs to a later period of consolidation 
than the portion into which it has been injected, it has been called a 
contemporaneous vein. When it has crystallized or segregated out of the 
component materials of some still .unconsolidated, colloid, or pasty rock, 
it is called a segregation vein. ' 

Eruptive or Intrusive Veins and Dykes are portions of once-melted, 
or at least pasty matter, which have been injected into rents of previously 
solidified rocks. When traceable sufficiently far, they may be seen to 
^ ‘Ancient Volcanoes of Great Britain,’ ii, p. 311. 
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swell out and merge into th(3ir parent mass, while in the opposite direction 
they may become attenuated into mere threads. Sometimes they run for 
many yards or miles in tolerably straight lines. When this takes place 
along vertical or highly-inclined stratitication, they look like interstrati- 
fied beds, though reall}^ intrusive. They may frequently be found to 
break across the bedding in a very irregular manner. 

No rock exhibits more instructively than granite the numerous varieties of form 
assumed by Veins.^ Three distinct kinds of granite veins may be observed. 1st, Pro- 
trusions of the ordinary granite 
extending from the main masses 
into the surrounding rocks and 
demonstrating the intrusive char- 
acter of the granite (Figs. 311, 

312). These varying in breadth ^ 
from several feet or many yards ^ 
down to fine filaments or threads, 
are often remarkably ahunduiit 
and markedly irregular in the 
manner in which they branch 
and intersect. Where they are 
several yards broad their texture, sn.— Gianito Vwjis. 

at least in the central parts, may 

not sensibly differ from that of the main granite mass, though it is apt to become 
finer especially as the veins diminish in breadth. It has been already pointed out 
that round some bosses of gi’anite the adjacent rocks aro injected or impregnated 




Fig. 812.— Section of granite (a), Hcndlng a network of vciuH into slatti (b ) ; Cornwall (U.). 

with abundant minute threads or veins of granito-substauco, like layers or leaves parallel 
with the stratification or foliation, and that the absence of “chilled’* edges may be due 
to the high temperature of the rooks into which the granite was injected (p. 728). 

In the Tertiaiy volcanic distiicts of the we.st of Scotland large bodies of granite and 
granophyre have been intruded into other volcanic rooks. Not only has the acid 

1 Credner, Z. JD. G. (J. (1876), p. 104 ; (1882), p. 600. B, Kalkowsky, op. cit (1881) 
p. 629. 
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material filled up broad fissures, so as to form conspicuous dykes, but it has been injected! 
into a network of minute cracks, as if the invaded rock had been shattered by 'energetic 
explosions before the entry of the granitic magma (Fig. 313) 

Besides a usual greater closeness of texture than that of their parent mass, intrusive 

veins sometimes present considerable ditferences 
in mineralogical composition. The mica, for ex- 
amine, may be reduced to exceedingly minute 
and not very abundant flakes, and may almost 
disappeaa\ The quartz also occasionally assumes 
a subordinate place, and the rock of the veins 
passes into one of the varieties of felsite, (piartz- 
porphyiy, elvanite, aplite or eurite.*-^ 

It is in the metamorphosed belt encircling an 
intrusive boss of gi-anite, that eruptive veins are 
typically developed and most readily studied. 
In Cornwall, for example, the slates around the 
granite bosses are abundantly traversed by veins 
or dykes of granite and of quartz -porphyry 
which are most numerous near the 
granite (Fig. 314). They vary in width from a 
few inches or feet to 60 fathoms, their centml 
})ortions being coniiiionly more coarsely crystalline than the sides. They frequently 



Fig. 313.— .Section of t^\o slieets of gubbix), 
the lower of which has been iienetrated 
from below by a juultitude (»f irregular 
veins of graiiopbj're, St. Kihla. 



Fig. 814.— Map of part of the Mining District of Qwonimp, Omnwall (if.), 
o a, Granite ; c aehistoae rocTcs ; b b, Blvau tlykes ; a, Greenstone " ; v v, tl <7, two hitui'sectlng serb'ft 

of wiueral-veliiH. 


enclose angular .j^agments of slate (p. 724). In the great granite region of Leinster 
^ * Ancient Volcanoes of C4rent Britain,’ ii. p. 413. 

® See a reference to the Bodegang, ante, p. 208 ; also Hawes, ^Lmc 7 '. Jovrn. xxi.. 
(1881), p. 244. 
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Jukes traced some of the ' el vans for several miles rimniug in parallel bands, each only 
a few feat thick, ■with intervals of 200 to 300 yards between them. Around some of 
the granite bosses of the south of Scotland similar veins of felsite and porphyry abound. 
The gi’anite of the Wahsatch Mountains in Utah, which rises through the Upper 
Oarboniferous limestones, converting them into white marble, sends out veins of granite- 
porphyry and other ciystallino -compounds. In short, all over the world it is common 
for eruptive bosses of this rock to have a fringe of intmsive veins {Apophyses). 

2. Veins "which cut through the granite itself, though they must bo regarded eis 
later than the rock which they actually traverse, may yet represent lower, still liquid 
portions of the granitic magma whicli have been forced by earth-movements into rents 
in the partially or wholly solidified granite. They are generally liner in grain than the 
granite around them, and differ more or less from it also in composition, especially 
in their greater acidity (Fig. 315). 

3. Pegmatites or pegmatitic veins (Fig. 315) are distinguished by the manner in 
which their component miuemls, notably the quartz and felspar, are intergi'own (see 
pp. 128, 206). Much discussion lias arisen as to the origin of such veins. They 
evidently cut the ordiiiaiy granite and in so far may be regarded as intrusive veins. But 
they could not have been injected in tbeir i>resent ciystalline condition. Their material 
may have been squeezed up from some lower, still liquid part of the granitic magma, 
but tbeir remarkable crystalline stnicture must have been afterwai*ds suyierinduced by 
some process of segregation or rearrangement and crystallization of their mateiials.^ 

Many other eruptive rocks (diorite, diabase, melaphyre, basalt, &c.) present admirable 
examples of intrusive (even pegmatitic) veins. These are generally distinguished from 
those of granite by the much feebler metainorphisin with which they are attended. 

The Contemporaneous Veins” of older writers included those veins 
in crystalline rocks which though difiering sufficiently from the suiTOund- 
ing material to he easily distinguisluid, resembled it so closely as to 
indicate that they were probably a part of it. The veins above described 
under No. 2 are examples. But they are not confined to granite, 
since .they may not infrequently be observed in sheets of gabbro, diorite, 
dolerite, diabase, and other emptive rocks (Fig. 316). They are more 
])articnlfivly to be seen in sills and bosses. They run as straight, curved, 
or branching ribands, usually not exceeding a foot in thickness. They 
are finer in texture than the rock which they traverse. Close examination 
of them shows that, instead of being sharply defined by a definite junction 
line with the enclosing rock, they are welded into that rock in such a 
way that they cannot easily be broken along the plane of union. This 
welding is found to be due to the mutual protrusion of the component 
crystals of the vein and of the surrounding rock — a structure sonietimes 
admirably revealed under the microscope. Veins of this kind evidently 
point to some process whereby, into rents formed in the deeply buried 
and at least partially consolidated or possibly pasty or jelly-like mass, 
there was an injection of similar material from some still unsolidified part 
of the mass, with a transfusion or oxosmosis of some of the crystallizing 
minerals along the mutual boundaries. Such veins are to be distin- 
guished from the true “Segregation -veins,” which are iri'egular bands, 

^ Tha student will find a historical summary of opinion as to the of pegmatite veins 
in rfofessor Brogger’s great work on the minerals of the syenite-pegmatite veins of Southeni 
Norway, Part i. p. 215 et seq. He distinguishes four successive 'J)hases in the development 
of these veins, pj). 148-181. 
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usually of more coarsely crystalline material, not infrequently to be seen 
in intrusive sheets, wherein the constituent minerals have crystallised out 
in a much more conspicuous form than in the main mass of the sur- 
rounding rock along certain lines or around jiarticular centres. These 
are probably due to some kind of segregation from the surrounding 
mass, though the conditions under which it took place have not yet 
been satisfactorily explained.^ Segregation-veins occur among the crys- 



Fig. 815.— Ppgniatite Vein associated with foliated granite, Eublslaw QimiTy, AbeiUeen, 
j Ordinary granite of the mass ; j) coarae pegmatite veins ; s a, foliate<l granite passing insensibly 
into g ; 2 , mass of quartz. The black patches in 2 ) and q are nests of schorl. 

talline schists and even in sedimentary rocks which have been crushed and 
metamorphosed, as in the Torritlon arkoso of Loch Carroii (Fig, 268). 

Along the margin of segregation-veins in granite a foliated stiucture 
of the rock may be occasionally observed, as in some of the large granite 
quarries near Aberdeen (Fig. 315). Coarse pegmatite veins abounding 



in large plates of muscovite, black tourmaline, and quartz, with occasional 
crystals of beryl and other minerals, merge into the surrounding graiSte, 
which for a few inches along the contact has a foliated structure precisely 
For some illustrations see Trans. Roy. Soc. Kilin. xxxv. (1888), pp. 113, 116, 118,’^133.*, 
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resembling that of a fine gneiss. This foliation may indicate motion of 
the granite mass along a line of fissure, while the rock itself or the 
material forced up into the fissure was still capable of molecular re- 
arrangement. 

Dykes are veins of eruptive rock, filling vertical or highly-inclined 
fissures, and are so named on account of their resemblance to walls 
(Scofire, dykes).’- Their sides are often as parallel and perpendicular as 
those of built walls, the resemblance to human workmanship being 
heightened by the numerous joints which, intersecting each other along 
the face of a dyke, remind us of well-fitted masonry. Where the surround- 
ing rock has decayed, the dykes may be seen projecting above ground 



Fig. 317.--Dykoa Ui volcanic tuU’of u “iioek" ; whoro, Elie, Fife. 


exactly like walls (Ifig. 317); indeed, in many parts of the west of 
Scotland they are made use of for enclosures. The material of the dykes 
has in other cases decayed, and deep ditch-like hollows are left to mark 
their sites. Tlie coast-lines of many of the Inner Hebrides and of the 
Clyde Islands furnish numerous admirable examples of both kinds of 
scenery. Dykes are characteristically displayed round volcanic centres. 

The term dyke may be applied to some of the wall-liko intrusions 
•of quartz-porphyry, elvanite, and even of gi'anite, but it is more typically 
illustrated among the basic and intermediate igneous rocks such as basalt, 
diabase, andesite, diorite, i^c., while occasionally dykes may be observed 

1 Ou the Mechanism of Dykes see Mallet, Q, J, 0, S, xxxil (1876), p, 472. Tho 
structure of dykes is fully discussed in ‘Ancient Volcanoes of Great Britain,* particularly 
ill reference to those of Tertiary time. For an account of another dyke region see J. F, 
Kemp and Y. F. Masters ou those of Lake Champlain, BulL U, S. 0. S» No. 107 (1803) ; 
'• the dykes of tho Christiania district are described in Brogger’s -work on the Syenitpegmatit- 
giinge, already^ cited. 
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of even tuif and volcanic agglomerate.^ Veins have been injected into 
irr/Bgular branching cracks; dykes have been formed by the welling 
upwards of liquid or plastic rock in vertical or steeply inclined fissures, 
though obviously there is no essential difference between the two forms 
■ of structure. Sometimes the line, of escape has been along a fault. In 
Scotland, how-ever, which may be regarded as a typical region for this 
kind of geological structure, the vast majority of dykes rise along joints 
or fissures which have no throw, and are therefore not faults. On the 
contrary, the dykes may be traced undefleeted across some of the largest 
faults in the midland counties. 

Dykes differ from veins in the greater parallelism of their sides, their 
verticality, and their greater regularity of breadth and persistence of 
direction. They sometimes occur as mere plates of rock not more than 
an inch or two in thickness, at other times they attain a breadth of twelve 
fathoms or more. The smaller or thinner dykes can seldom be traced 
more than a few yards ; but the larger examples may be followed some- 
times for many miles. 

Thus, in the south and west of Scotland, a remarkahio series of basalt and andesite 
dykes can be tmeed across all the geological formations of that region, including the 
older Tertiary basalt-plateaux. They ran parallel to each other in a general north-west 
and south-east direction for distances of twenty and thirty miles, increasing in numbers 
towards the north-west, and they have been assigned to the great volcanic activity of ^ 
Tertiaiy time. A dyke of the same series crosses the north of England, from near the ' 
coast of Yorkshire for about 100 miles inland. A complex system of massive pre- 
Cambrian dykes traverses the Arehtean gneiss of N. W. Scotland. 

Though the wall-like form is predominant among dykes, it may readily 
pass into vein-like ramifications and intrusive sheets (Kgs. 303, 309, 

310). The molten matenal took the chan- 
nels that happened to be most available. 
If the fissure bent off at an angle from its 
previous trend, or if another adjacent fis- 
sure happened to be more convenient, the 
eruptive rock might change its coui'se. 
Again, while the ascending lava, under the 
hydrostatic pressure of the mass below, 
rose in one main fissure, portions of it 
might find their way into neighbouring 
parallel rents, and enclose wall-like portions 

pjg. 818 .— Plan of dykes (7; V) cutting Qf j>Qck within the dyke, as in Fig. 318, 
sandstone (a a); shore, Oourock, Ren- r •Tii 

frewshire. where the total breadth of the main dyke,* 

including the sandstone between the two 
arms, is about thirty feet, the sandstone being gently inclined, and the 
portions enclosed between the arms of the dyke having been greatly 
indurated. 

It must be kept in mind, however, that iiTegular expansions and con- 
tractions of dykes may sometimes be caused by subsequent movements 
of the terrestrial crust. The dykes, for instance, may be plicated together 

1 The occurrence of sandstone dykes ” has already been noticed, cmtcn P* ®65. 
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with the rocks among which they have been intruded, and the folds may 
afterwards be pressed in such a way as to give rise to alternate or irrognljirlx 
distributed enlargements and constrictions, or a similar effect may be 
produced by shearing or by faulting.^ Mr. Clough has found that in a 
great system of dykes traversing the crystalline schists of Argyllshire 
frequent attenuations of the dykes are produced by faults. 

In internal structure, considerable differences may be detected among 
dykes. The rock may appear (a) with no definite structure of any kind 
beyond irregular jointing ; (b) columnar, the prisms striking off at right 
angles from the walls, and either going completely across from side to 
side, or leaving a central non-columnar part in which they branch and 
lose themselves ; when the side of a dyke having this structure is laid 
bare, it presents a network of 
polygonal joints formed by 
the ends of the prisms which, 
if the dyke is vertical, lie of 
course in a horizontal position, 
whence they depart in propor- 
tion as the dyke is inclined : 
occasionally the prisms are as 
well-formed in any columnar 
bed of basalt ; (c) jointed 
parallel with the walls, the 
joints being sometimes so close 
as to cause the rock to appear 
as if it consisted of a scries 
of vertical plates or strata: 
this platy character is dwo 
doubtless to contraction in 
cooling between parallel walls, and when it occurs in basalt-dykes is best 
developed near the margins ; {d) vesicular or amygdaloid al, lines of minute 
vesicles having been formed parallel with the walls, and attaining their 
greatest number and size along the centre of the dyke (Fig. 319). 

As a rule, the outer parts of a dyke of crystalline rock, like the 
upper and under surfaces of an intrusive shoot, are finer grained than 
the centre, sometimes, where the chilling. of the molten rock has been 
rapid, passing into a veneer of glass. Basalt veins have not infrequently 
such an external vitreous coating (tsichylyte, hyalomelan, &c.) It 
occasionally happens also that the central portions of a basalt or andesite 
dyke are glassy, of which structure several cases have been observed in 
Scotland ; perhaps in these instances the dyke has opened along its centre, 
and a fresh uprise of more glassy material has risen in the fissure.^ 

In some broad dykes there has been room for a certain amount of 
differentiation during the cooling of the mass. Professor A. 0. Lawson 
has described some examples from the liainy Lake region of Canada, 

1 Compare the structure illustrated by Pig. 846. See also Barker, QeoL Mag, 1889, p. 
69, and the aooonnt of the pre-Oamhriaii rocks in Book VI. Part I. 

* See Proc. Roy, Phys, Soo, Min, v. (1880), p. 241. 



of IjtiiulH of aniygilales in a dylce, 
StrutbmoTo, Sky»*. 



746 


aEOTEGTONIG {STRTJGTUBAL) GEOLOGY 


BOOK IV 


which show a considerably greater percentage of silica in the centre than 
at the sides. In one case, while the margin had the characters' of an 
andesite with 47*8 per cent of silica, it shaded off inwards into an ophitic 
diabase, and then into a nralitie qnartz-gabbro, in which the proportion of 
silica was found to be 57*5 per cent.^ 

Multiple and Compound Dykes.^ — Numerous examples have 
been observed -where a dyke has been formed by more than one intrusion 
of molten material. The original fissure, after having been filled with 
the inti*usive material, has again been rent open and has once more been 
occupied by a similar injection. This re-opening of a fissure has some- 
times occurred repeatedly. A remarkable instance may be seen on the 
island of Seil, Argyllshire, where no fewer than ten distinct intrusions 
can be counted between the walls of a single fissure (Fig. 320). Some 



Fig. S20,— Multiple dolerlte-dyke traversing and Fig. 821.— Compound dj ka, Market Stand, 

enclosing klack slate, Sell Island, Argyllshire. Broodford, Skye. 

a, strongly-spherulitic Oranopliyre ; h 6, Ba.salt 
dykes ; c c, Torridon Sandstone. 


of these separate bands of similar material are distinguished from each 
other by a narrow selvage of black glass, which is occasionally two 
inches broad but dies away into a mere film, while one of them displays 
cavities 3 or 4 inches in diameter, lined with pea-like spherules of glass.^ 
In some cases the subsequent infilling has been supplied by a totally 
different material from that of the first. Hence arise Compound or 
Composite dykes (Fig, 321),'* The earliest injection may have consisted 

^ Ainer, Geol, vii. (1891), p. 15S ; Pror, Cmacl. Inst, 1887, p. 173 ; Ami. Rexh OeoL 
SuTv. Omadai 1887-88, Part F. More usually the vitreous part is more siliceous than the 
rest of a basic rock {ante, p. 236), 

^ ‘Ancient Volcanoes of Groat Britain,* ii. p. 169. 

® Summary of Progress of Geological Survey for 1898, p. 155. An excellent example of 
a multiple dyke is described by Professor A. C. Lawson from tbe north-east of Lake 
Superior, where in a breadth of 14 feet no fewer than twenty-eight separate hands of diabase 
from one to 6J inches broad traverse a mass of granite. Amer. Geol. xiii. (1894), p. 293. 

* Professor Judd has described tbe remarkable examples first brought to notice by 
Jameson in tbe island of Airan. J, Q., *sr. xlix. (1893), p.'636. 
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of andesite, basalt, or some other dark rock, rich in ferro-magnesian con- 
stitueiTts, while the later may be a pale acid rock, such as granophyre or 
granite. Although the later intrusion may traverse the earlier igneous 
mass in any irregular manner, it has been observed among the Inner 
Hebrides, where dykes of this type are by no means rare, that the basic 
and acid constituents are usually ranged as parallel bands, an acid one in 
the centre, with a more basic band on either side. The evidence where 
obtainable shows that the acid part of these dykes is latest, and that it has 
not split a basic dyke up the middle but has forced its way between the 
two portions of a double dyke, sometimes invading a multiple dyke, 
cutting a portion of it obliquely, and even dissolving a portion of the basic 
walls between which it ascended.^ 

Intersecting Dykes. — In volcanic districts it has frequently hap- 
pened that new fissures have 
been opened across already 
existing dykes, and that they 
have been filled by the uprise ^ 

^of fresh lava in them. Hence 
some dykes are found to be 
intersected by others. While 
the mere fact of tliis intersec- 
tion may be taken to show a 
succession of injections of 
molten material, it is nob 
always easy to determine which 
is the older of two dykes. As 
a general rule, however, the 
presence of the fine-grained 
margin or “ chilled edge ” may 
be relied on as a test of relative 
age. The dyke which carries 
its “ chilled edge ” across another dyke must be the later of the two ; 
or^when this criterion fails, it may be possible to determine that the 
“ chilled edge ” of one of the dykes is truncated by the other, and con- 
sequently marks the older intrusion. In some regions extraordinary 
complications have arisen where the ground has been repeatedly fissured, 
and where successive injections of lava have been made into the rents. 
In Pig. 322, for example, at least five dykes intersect each other. Three 
of these have the prevalent north-westerly trend. They are out by one 
which runs a little north of east, and this is in turn traversed by one 
that trends in a north and south direction.® 

Effects on Contiguous Eocks. — These are similar to the changes 
produced by intrusive sheets and other eruptive masses. Induration is 
the most frequent kind of alteration. Eemarkable examples have been 
observed where limestones in contact with dykes have had a saccharoid 
crystallization of the calcite superinduced upon them, and where even 

^ ‘Ancient Volcanoes of Great Britain ’ ii. p. ItSl. 

® cU. ii. p. 159. 



Fig. 322.— Ground plan of Intersecting dykes in Lias 
liinostone, sliore, east of Broadford, Skye. 




748 


GEOTEGTONIG (STEUGTUEAL) GEOLOGY 


■ROOK IV 


new crystalline silicates have been developed. This subject is more 
particularly discussed at p. 766, under the head of Contact-metamoi^jhisni. 

§ 4. Necks. 

Under this term are included the filled-uj) pipes or funnels of former 
volcanic vents. Every series of volcanic sheets poured out at the surface 
must have been connected either with fissures, or with orifices drilled 
through the terrestrial crust. On the cessation of the eruptions, these 



Fig. 823.— Diagrarn-aection to show the structure of old volcanic vents, and how thoy nmy he 
eoiicealed and exposed 

1, Tuff cone with basalt plug still buried under sedimentary uccunmlntions ; 3, Tiiifconc and basalt 
plug partially exposed by denudation. 

orifices have remained filled with lava or with fragmentary matter. But 
unless subsequent denudation has removed the overlying cone, a vent lies 
buried under the materials which came out of it. So extensive, however, 
has been the waste of the surface in many old volcanic regions that the 
vents have been laid bare. In Fig. 323 two volcanic funnels are repre- 
sented, one of them still buried under overlying formations, the other 



Fig. 324.— Volcanic NbcIch, Texas. rhotograi)li by Mr. R. T. Hill, U.S. Gcol. Survey. 


partially exposed by denudation. The study of volcanic Necks brings 
before us some of the more deep-seated phenomena of volcanic action, 
that cannot usually be seen at a modern volcano. 

A Neck is circular or elliptical in ground-plan, but occasionally more 
irregular and branching, and may vary in diameter from a few yards 



PART VII SECT, i 4 


VOLCANIC NNOKS 


749 


(Fig. 325) up to two miles, or even more, 
perpendicularly to the stratification of 
the formation with which it is chrono- 
logically connected. Should rocks origin- 
ally horizontal be subsequently tilted, 
a neck associated with them might be 
thrown more or less out of the vertical 
(Fig. 323). As a rule, however, the 



Fig. 8*i5.— Plan of Neck, i)r()bnbly of Permian age, 
shore, near St. Monun's, Fife. 

Ilf buds of llmeHioiie ;,c, thin coul-Hcam; ii, bawilt voiitK ; 
fcj, huge bed or block of Hamlstone. The Neck, T, 
measures about (K) by 87 yards. Tho arrows mark 
the dip of the strata. 

vertical descent of necks into the earth’s 
crust appeiirs to have been comparatively 
little interfered with. In external fom, 
necks commonly rise as cones or dome- 
shaped hills (Figs. 324, 326, 328, 329). 
This contour, however, is not that of tho 
original volcanoes, but is duo to denuda- 
tion. Occiisionally the rocks of a neck 
have been so worn away that a great 


It descends into the earth 



hollow, suggestive of the original crater, occupies their site. (Fintry 
Hills, Stirlingshire.)^ 


^ For soiiio strikiug views of deniKlcd volcanic necks see Captain Dutton’s Report on 
Mount Taylor and the Zuni Plateau, 6tk J mi. Itep. U. S. QeoL Surveif, 1884-86. Compare also 
Tmufi. Roy. Sue. JSdin. xxxv, (1888), p. 100 ; and Geological Survey Memoir on East Fife, 
1902. Examples of necks witli connected lavas and tuSs are shown In Figs. 328 aud 389. 
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It might be supposed that necks should always rise on lines of 
fissure. But in Central Scotland, where they abound in rocks of 
Carboniferous age, it is quite exceptional to find one placed on a fault. 
And they seem to be often, if not generally, independent of the structure 
of the visible part of the crust through which they rise {ante, p. 279). 

The materials filling up ancient volcanic orifices may be (a) some 
form of lava, as rhyolite, granophyre, andesite, gabbro, diabase, or basalt ; 
or (6) the fragmentary materials which fell back into the throat of the 
volcano and finally solidified there. In many instances, both kinds of 
rock occur in the same neck, the main mass consisting of agglomerate or 
tuff Avith a central pipe or numerous veins of lava. Among the Paheozoic 
volcanic districts of Britain, necks are not infrequently filled with some 
acid rock, such as a dacite, orthophyre or “ felsite,” even where the sur- 
rounding lavas may be basic. The great vent of the Braid Hills near 
Edinburgh, belonging to the time of the Lower Old Bed Sandstone, is 
filled with rhyolitic tuff containing 70 per cent of silica, while the lavas 
which fiowed from it are andesites and diabases with not more than 50 
per cent of this acid. 

In some necks composed of eruptive rock, the material appears 
arranged in successive spherical shells, which may be supposed to be 
due to the protmsion of successive portions of the pasty or viscous mass 
one within the other, the outer layers thinning away over the crown 
of the dome as they were attenuated by the ascent of fresh material 
from below.^ Or we may suppose that the top of the plug sometimes 
solidified, and that subsequent emissions of lava rose through rents in 
the crust, and fiowed down the outside of the vent. 

The fragmentary materials in necks consist mainly of difierent lavii- 
form rocks imbedded in a gi^avelly p^ennchWkQ matrix of more finely 
comminuted debris of the same rocks ; but they also contain, sometimes 
in abundance, fragments of the strata through which the necks have 
been drilled. When occasionally, as in some of the Maare of the Eifol, 
these non-volcanic fragments constitute most of the debris (p. 326), we 
may infer that after the first gaseous explosions, the activity of the 
vent ceased, without the rise of the lava-column or its ejection in dust 
and fragments to the surface. So unchanged are many of the pieces of 
sandstone, shale, limestone, or other stratified rock in the necks, that 
they have evidently never been exposed to any high temperature. In 
some cases, however, considerable iteration is displayed. Dr. Heddle, 
from observations in Fifo, concluded that the altered blocks in the tuff* 
there must have been exposed to a temperature of between 660" and 
900° Fahr.2 

Among the numerous vents of Central Scotland, pieces of fine 
stratified tuff not infrequently appear in the agglomerates. This fact, 
coupled with the common occurrence of a tumultuous, fractured, and 
highly-inclined bedding of the tuff with a dip towards the centre of 

1 Sorope, ‘ Geology and Extinct Volcanoes of Central Prance,’ 2nd edition, p. 68. Heo 
B. Reyer, JoJitK Qe^L Rciclisajiat xxix. (1879), p. 463 ; and anie, p. 329, note 2 ; A. G. 
Traw, Roy. Eoc. Mdin, xxxv. (1888), p. 161. « Roy. Soe. MiUn. xxviii. p. 487. 
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the neck (Figs. 326, 327), appears to show that the pipes were partly 
filled up by the subsidence of the tuff consolidated in beds within the 
crater and at the upper part of the funnel. Further indication of the 
probable subaerial character of the tuff 
is furnished by abundant enclosed chips 
.of wood, which may have belonged to 
trees or brushwood that grew upon the 
slopes of the cones. These fragments 
were probably entombed in the tuft* 
while they were still green and full of 
sap, for tliey are invariably encrusted 
with crystalline calcite, which was intro- 
duced by infiltrating water, and deposited 
round them in the interspace left between 
them and the enclosing matrix after they 
had dried.^ 

It is common to find among necks 
of tuff numerous dykes and veins of 
lava which, ascending through the tuff, are usually confined to it, 
though occasionally they penetrate the surrounding strata. Tliey are 
often beautifully columnar, the columns diverging from the sides of the 
dykes and being frequently curved. 

Proofs of subsidence round the sides of vents may often be observed. 
Stratified rocks, through which a volcanic funnel had been opened, 
commonly dip into it all round, and may even be seen on edge, as if they 
had been subsequently dragged down by the subsidence of the materials 
in the vent.^ The fact of subsidence beneath modern volcanic cones has 
already been referred to (p. 310). 


Kipj. S-J7.— Plan of Neck, on shore, nt Elio, 
Fife. 

T, tutV; the arrows marking the inward dip ; 
S, windstones through which the Neck 
has been blown open ; B B, basalt dykes 


A remarkable region for the abundaiico of its volcaiiio necks and the clearness of 
tke sections in ■wliich thoir stnicturo and their relation.s to the surrounding rocks arc 
exposed, lies in the eastern paid; of the county of Fife, Scotland, to which allusion has 
already been made. In a space of about 12 miles in length by from 6 to 8 in breadth 
no fewer than eighty vents have hoon detected, and others may still ho concealed under 
superficial deposits. They pierce the vaiious subdivisions of the Cavhoniferons system, 
and are thus probably post-Carboiiiferou.s. They not improbably belong to the same 
volcanic period with the nocks and andesite lavas of Ayrshire and Nithsdalo, which 
have been regarded as Permian. One gi*eat feature of interest in regard to them is the way 
in which they have been dissected by the sea along the shore. Every detail of tlioir in- 
ternal organisation can thus be studied, and an idea can bo formed of the tectonic arrange- 
ment of a volcanic vent such as cannot be obtained from any modern volcano. Some 
of the foregoing ilhistrations are. taken from theso Fife necks (Figs. 325, 326, and 327).* 
Ou the continent of Europe the detached bosses of peperite in Auvergne not 


1 See the “(roology of East Fife” (real 1902, p. 274. 

® Tratw. Roy. Soc. JikUu. xxix. p, 460. For an e.xcollent example from New Zealand, 
see Heaphy, Q. J. Heol Soo. 1860, p. 246. 

® These necks were first described in my Memoir, already cited from Tmns. Roy. Soe. 
Rdhh. xxix. p. 437 ; but I have recently given a much fuller account of them, with 
numerous diagrams and plates, in the Geological Survey Memoir on the Geology of Bast 
Fife, above cited. 
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improbably mark the sites of some of the oldest and most denuded volcanic vents in that 
district (p. 175). A remarkable region for necks is that of the Swabian Alb of Wurtem- 
burg, where 125 separate examples have been found. They are filled with tiilf, but 



sometimes with basalt, and have risen vertically through different members of tho 
Jurassic system without apparently the assistance of any pre-existing faults or fissures. 
They have been elaborately described by Professor Branco.^ 

^ '‘Schwabens 12.5 Viilkaii-Embiyonen und deren tufferfiillte AusbrudiHrohreu — das 
grSsate Gebiet ehemaliger Maare auf der Brde,” Tiibiugen, 1894. 
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Effects on Contiguous Hocks. — The strata round a neck are 
usually somewhat hardened. vSandstones have acquired a vitreous lustre ; 
argillaceous beds have been indurated into porcellanito ; coal-seams have 
been fused, blistered, burnt, and rendered unworkable. The coal- workings 
in Fife and Ayrshire have revealed many interesting examples of these 
changes, which may be partly due to the heat of the ascending column of 
molten rock or ejected fragments, partly to the rise of heated vapours, even 
for a long time subsequentlj^^ to the volcanic explosions. Proofs of meta- 
morphism, probably due to the latter cause, may sometimes be seen within 
the area of the neck itself. Where the altered materials are of a fragment- 
ary character, the nature and amount of this change can best be estimated. 
What was probably originally a general matrix of volcanic dust has been 
converted into an indurated more or less crystalline mass, through which 
the dispersed blocks, though likewise intensely altered, are still recognis- 
able. Such blocks as, from the nature of their substance, must have 
offered most resistance to change — pieces of sandstone or quartz, for 
example — stand out prominently in the altered mass, though even they 
have undergone more or less modification, the sandstone being converted 
into vitreous quartzite. 


Section ii. Interstratifled, Volcanic, or Contemporaneous Phase of 

Eruptivity. 

The phenomena of volcanic action, together with the products and 
. structure of volcanoes having been already discussed in Book III. Part 
L, we have now only to consider those features of the subject which 
distinguish the volcanic rocks of former ages, which enable us to follow 
the progress of volcanism in the past and which fix the dates of the 
successive eruptions. It is evident that, on the whole, the masses of 
volcanic material which have been erupted to the surface must agi'ee in 
lithological characters with rocks already described, which have been 
extravasated by volcanic efforts without quite reaching the surface. Yet 
they have some well-marked general characters, of which the most 
important may be thus stated. (1) They occur as beds or sheets, some- 
times lava-form, sometimes of fragmental materials, which conform to the 
bedding of the strata among which they are intercalated. (2) They do 
not break into or alter overlying strata, though they have sometimes 
ploughed up and involved portions of the sediment utiderneath them 
and over which they flowed, (3) The upper and under surfaces of the 
lava-beds present commonly a scoriaceons or vesicular character, which may 
even be found extending throughout the whole of a sheet. (4) Piugments 
of these upper surfaces not unusually occur in the immediately over- 
lying strata, (5) Beds of tufi* are frequently interstratifled with sheets 
of lava, hut may also occur by themselves, intercalated among ordinary 
sedimentary strata. 

A record of the feeldest display of contemporaneous volcanic energy 
in any old group of rocks is furnished by a band of interstratifled tuff, 
marking a single volcanic eruption. A succession of such bands indicates 
VOL. II • E 
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a series of similar discharges, and every intermediate stage may be 
illustrated by examples up to a mass of lavas and tuffs many thousands 
of feet in thickness intercalated among sedimentary deposits. 

In the investigation of former volcanic action the detection of true 
volcanic tuff is of fundamental importance. While the observer may 
be in doubt whether a particular bed of lava has been poured out at the 
surface as a true flow, or has consolidated at some depth as a sill, and, 
therefore, whether or not it furnishes evidence of an actual volcanic out- 
break at the locality, he is not liable to the same uncertainty among the 
fragmental eruptive rocks. Putting aside the occasional brecciatcd 
structure seen along the edges of plutonic intrusive masses, he may 
regard all the truly fragmental igneous rocks as proofs of volcanic action 
having been manifested at the surface. The agglomerate found in a 
volcanic neck could not have been formed unless the vapours in the 
vent had been able to find their way to the siu*face, and in so doing 
to blow into fragments the rocks on the site of the vent as well as the 
upper part of the ascending lava-column.^ Wherever, therefore, a bed 
or series of beds of tuff occurs interstratified in geologiciil formations, 
it points to contemporaneous volcanic eruptions. Hence the value of 
these rocks in interpreting the volcanic annals of a region. 

The fragmentary ejections from a volcano or a cooling lava-stream 
vary from the coarsest agglomerate to the finest tuff, the coarser 
materials being commonly found nearest to the source of discharge. 
They naturally differ in composition, according to the nature of the lavas 
with which they are associated and from which they have been derived. 
Where the lavas are basic or acid, so likewise the tufts are expected to be, 
though, as has been above stated (p. 712), instances have been observed 
where, owing to the presence of a heterogeneous magma or of two distinct 
magmas, showers of acid fragments have alternated with the outflow 
of intermediate or even basic lavas. The fragmentary matter ejected 
from volcanic vents has fallen partly back into the funnels of discharge, 
partly over the surrounding area. It is apt, therefore, to be more or 
less mingled with ordinary sedimentary detritus. We find it, indeed, 
passing insensibly into sandstone, shale, limestone, and other strata. 
Alternations of gravelly pepervmA\kQ tuff with a very fine-grained “ ash 
may frequently be observed. Large blocks of lava-form rock, as well as 
of the strata through which the volcanic explosions have taken place, 
occur in the tuffs of most old volcanic districts. Occasionally such 
ejected blocks as well as bombs, derived from the expulsion of molten 
material, are found among the fine shales and other strata, the 
lamination of which is bent down round them in such a way as to show 
that the stones fell with considerable force into the still soft and yielding 
silt or clay (Fig. 330).2 

Volcanic tuffs and conglomerates occur in interstratified beds without 

^ It is conceivable, as already stated, that where a mass of lava was injected into a 
subterranean cavern, fragmentary discharges might take place and partly fill that cavity ; 
but such exceptional cases are probably extremely rare. 

^ See QeoL Mag, i. (1864), p. 22. 
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any accompanying lava, much more commonly than do interstratified 
sheets of lava, without beds of tuff ; just as in recent volcanic districts, it 
is more usual to find cones of ashes or cinders without lava, than lava- 
sheets ^vithout an accompaniment of ashes. Masses of fine or gravelly 
•tuff, several hundreds of feet in thickness, without the intervention of any 
lava-bed, may be observed in the volcanic districts of the Old Red Sand- 
stone and Carboniferous systems in Scotland. These furnish evidence of 
long-continued volcanic action, during which fragmentary materials were 
showered out over the water-basins, mingled with little or no ordinary 



Fig. 330.— Ejected volciinic block (12 x If) x 17 indies) in Lower Carboniferous Shales, Pettycur, Fife. 


sediment. On the other hand, in these same areas, thin seams of tuff 
interlaminated with sandstone, shale, or limestone, afford indications of 
feeble intermittent volcanic explosions, whereby light showers of dust were 
discharged, which settled down quietly amidst the sand, mud, or limestone 
accumulating at the time. Under these latter circumstances, tuffs often 
become fossilifcrous ; they enclose the remains of such plants and animals 
as might be lying on the lakc-liottom or sea-fioor over which the showers 
of volcanic dust fell, and thus they form a connecting link between aqueous 
and igneous rocks. 


As illustrations of tlie nature of tlio stratigraplih^al evidence for former conditions of 


volcanic activity, furnished iiy intercalations of 
tufl*, some examples from the Caihoniferous forimi- 
tions of Biitain may here ho given. In Fig. 331, 
from the Galcifcrous Sandstone series of Linlithgow- 
shire, the successive conditions of the floor of a 
lagoon are presented to our view. At the bottom 
of the section lies a black shale (1) of the usual 
-carbonaceous type, with remains of terrestrial idants. 
It is covered by a bod of nodular bluisli-gi'cy tuff 
{2), containing black shale fragments, whence we 
may infer that the underlying or some similar sliale 
was blown out from the site of the vont that 
furnished this dust and gravel. A second black 



shale (3) is succeeded by a second tixiu band of fmo 
pale yellowish tuff (4). lilaok shale (5) again sui)or- 
venes, containing rounded fiiigmouts of tuff, perhaps 
lapilli intermittently ejected from the neighbouring 


Fig. 331.— Heotiou of interstratlllcations 
of tuft* and wlialo, old Qimrry, Wester 
Ochiltree, Linlithgowshire (Lower 
CarboniferonK). 


vent, and passing up into a layer of tuff (0), which marks how the volcanic activity 
gradually increased again. It is evident that, but for the proximity of an active 
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Tolcanio vent, there Avouhl have been a eoiitimious deposit of black mud, the conditions 
of sedimentation having remained unchanged. In the next stratum of shale (7), thin 
seams and nodules of clay-ironstone accumulated round decomposing organic remains on 
the muddy bottom. A brief volcanic explosion is marked by the thin tutr-])od (8), after 
which the old conditions of deposit continued, the bottom of the water, as the shale (9) 
shows, being crowded mth ostracod crustaceans, while fishes, whose coprolitcs have been- 
left in the mud, haunted the locality. At last, however, a much more powerful and 
prolonged volcanic explosion took place. A coarse agglomeiute or tulf (10), with blocks 
sometimes nearly a foot in diameter, was then thrown out and oversproa<l tlie lagoon. 

A scene of a somewhat ditlereiit kind is revealed by the section drawn in Fig. 332, 



Fig. S32.— Section in qi^rry of Carboniferous Fig. 883.— Section in Wanbaw Quarry, 

Limestone, Limerick. Llnlithgowshin^. 

1, Limestone ; 2, Calcareous tufif ; 8, Ashy 
limestone or highly calcareous tufif. 


which represents a thiclcness of about 15 feet of strata. The lowest rock visible is a 
black, tolerably pure limestone, formed of organisms which lived on the sca-flooi*. As 
it is followed upward it is seen to ho interleaved with thin partings of lino greenish 
calcareous tufif, each of which marks a separate eruption from some neighbouring 
volcanic vent. The intervals between the successive explosions must have been long 
enough, not only to allow the water to become clear, but to permit the calcareous 
organisms once more to spread over the bottom and form a layer of limestone. Half- 
way up the section the volcanic material rapidly increases in amount until it takes the 
place of the limestone, though its calcareous composition shows that some of the 
organisms still mingled their remains with the volcanic dust that had buried their 
predecessor.^ 

As the presence of true volcanic tuff proves that molten rock has liseii in a vent, 
whence it has been blown out to the surface in the form of dust and lapilli, wo may always 
be prepared to find evidence that it also flowed out in streams of lava. In Fig. 333, 
for example, a record is supplied of the outflow of two sheets of lava over the floor of the 
sea in which the Carboniferous limestone was deposited. The iutoival of time between 


^ ‘ Ancient Volcanoes of Great Britain,* ii. p. 44. 
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their respective eruptions is here represented by about 20 feet of sediments, consisting 
mainly of -organically-derived limestone with some intercalations of black mud and grey 
sand. At the bottom of the section, a pale amygdaloidal, somewhat altered fom of 
basalt (A) marks the upper surface of one of the submarine lavas of the period. Directly 
over it comes a bed of limestone (B) 15 feet thick, the lower layers of which are made 
• up of a dense growth of the thin-stommed coral, Litliostrotioii irregiilarc, which over- 
spread the hardened lava. The next stratum is a band of dark shale (C), about 2 feet 
thick, followed by about the same thickness of an impure limestone with shale seams. 
The conditions for coral growth were evidently not favourable ; for the deposit of this 
argillaceous limestone was arrested by the precipitation of a daik mud, now to be seen 
in the foi-m of 3 or 4 inches of a black pyritous shale (E), and next by the inroad of a 
large quantity of a dark sandy mud, and drift vegetation, which lias been preserved as 
a sandy shale (F) containing Calamitc,% Produeti, ganoid scales, and other ti-aces of the 
terrestrial and marine life of the time. Finally a sheet of lava, represented by the 



Fig. 334.— Section the volcanic group in the Carboniferous Ijiinestone, Middle Hope, 

month of Severn, Soinoi'set. 


uppennost amygdaloid (G), overspread the area, and sealed up these records of 
Palteozoio history. 

An example from another portion of the same ancient sea -bottom will serve to 
show how both tuffs and lavas may bo interstratified in a conformable and continuous 
succession of marine organic limestones. It is taken from the ijitcresting volcanic group 
near Weston-super-Mare, and represents tho whole of that groii]), hero about 100 feet 
thick, intercalated in tho midst of the marine limestones.^ At tho bottom lies the 
normal highly fossiliferous criiioidal limestone (1), the deposition of which was now 
intermpted. It becomes impure towards the top, where it is covered with a greenish 
volcanic tuff (2) about 12 foot thick, including calcareous bands. This tuff marks tlie 
beginning of tho eruptions which were ushered in with a discharge of ashes and dust. 
Then came an interval of quiescence, during which the organisms, especially ProdnLcti^a, 
swarmed over the first volcanic deposit, and built up an irregular sheet of thin- 
bedded limestone (3) three feet thick and upwards. Another eruption now took place, 
which covered up the shells, criiioids and corals, and fomed tlie group of tuffs (4), 
though some of tlio organisms struggled on and formed lenticular seams of lime- 
stone among the volcanic Rediniont. They once more were able to gather into thicker 

^ A. Strahan and A. G. in Summary of Progress of Geological Surrey for 1S98, pp. 
104-111. 
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continuous seams oyimestoiie (5). The limestone (6) is ciwflc«l witli their I'emains, and 
as it has a thickness of 15 feet, it marks a pause of some duration in the volcanic 
activity. This interval was at last brought to an end by a renewed and more energetic 
manifestation of suhteiTanean energy. First came a scries of vigorous discharges of tine 
dust and stones, which eventually accumulated to a depth of from 12 to 14 feet of tuif 
(7). A thin layer of chert (8) lies at the top of the volcanic sediment, and is immediately 
overlain with a dull green somewhat decomposing vesicular olivine-basalt (9), 12 to 14 
feet thick, displaying marked ellipsoidal stiaicture, and presenting a rugged scoriaceous 
upper surface. This lava marks the culmination of the volcanic episode in the district. 
It was followed by a time of comparative quiescencp. during which occasional showers 



Fig. 336.— Erect coniferous trocs-truiik sun-ouiKled by and buriuil uiubu* 'I’crLiary bawUt, (Ji’IImui, 

Isle of Mull. (‘Sconory of ScotUuiU,’ 3rd odit.ion, p. 14a.) 

of fine volcanic dust were discharged, traces of which are prewjrvod as thin pjirtingH in 
the nine feet of highly fossiliferous limestono (10) whic.li ovorli(‘s th(» basalt, and has 
filled up all the irregularities of its surface. A rocrudcsceiKse of vol(janic activity is 
indicated by the band of green tuff (11) about nine feet thick, but the (lisc.hargcs 
were not so continuous or violent as wholly to kill off the cuhiareoiis organisms on the 
sea-bottom, for their remains have been aggrngjitcd into lenticular scams and noduh's 
among the volcanic sediment. The rod limostone (12) about tbreo feet thick shows 
by its thin leaves of tuff that feeble discharges of dust were still taking i)hic(^ These 
indications of volcanic action become still feebler in the overlying reddish nodular 
limestone (13), also about three feet thick, above \vhich comes once more normal thick 
limestone wholly made of organic remains, like that below the volcanic group. 

In the case of subaerial einiptions we may expect to meet with occasional intercala- 
tions of lacustrine or fiuviatile sediment containing tlio remains of a land flora or fauna. 
The Tertiary volcanic senes of Central Fmiice presents many instructive and classic 
examples of this association. We tliere find the fine tuffs alternating in thin laminic 
with the fresh-water limestones, and delicately filling the cavities of the shells of pond- 
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snails. In the west of Scotland the Tertiary basalt- plateaux contain interesting 
examples of river-clianuels filled with gravel, and sometimes containing drift-wood, 
wliich have been buried under streams of lava. In at least one instance a coniferous 
tree with a stem five feet in diameter has been enveloped in the molten rock, and still 
retains its erect position. The bark and outer part of the wood were charred, and 
the upper part of the tinink had decayed, leaving an empty cylinder in the basalt, into 
which rubbish w'as washed from the ground above, before the next outflow of lava buried 
it. As shown in Fig. 835, the columns of the basalt diverge from the sides of the tree, 
which formed the cooling surface whence the contmction started. 

While the undergi'onnd course of a protruded mass of molten igneous 
rock has widely varied according to the shape of the channel throngli 
which it proceeded and in which, as in a mould, it solidified, the behaviour 



Fig..830.>-Saiidutoiie (illiiig reiits Su the surfuco of an iuterbinUled slieet or ttow of purpliyribu, wliieli i» 
covered with a bed of congloniemte. Coust of Kincardiiieshinj. 

Tlio rents have boeii tilled in with sand boforo the eruption of the next tt«)W. 

of the rock, once poured out at the surface, is more unifoiin. The enipted 
lava rolls along, varying in thickness and other minor characters, accord- 
ing to its viscosity, the angle of slope and the regularities of the 
topogi'aphy over which it flows. It foims a rough, lenticular bed or 
sheet. A compaiison of such a bed with one of the intrusive sheets 
already described shows that in several important lithological characters 
they differ from each other. An inti*usive sheet is closest in gi*ain 
near its upper and under surfaces ; a contemporaneous bod or true lava- 
flow, on the contrary, is there usually most open and scoriaceous. In the 
one case, we comparatively rarely see vesicles or amygdales, and when 
they do occur they are usually small in size, and more or less uniformly 
distributed along certain bands or lines. In the lavas, on the other hand, 
such vesicles commonly abound, and present wide variations in size, 
shape, and distribution. However rough the upper siu’face of an inter- 
stratified sheet may be, it never sends out veins into, nor encloses portions 
of the superincumbent rocks, which, however, sometimes contain poiiiions 
of it, and wi*ap round its hummocky irregularities. Occasionally it may 
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be observed to be full of rents, which have been filled up with sandstone 
or other sedimentary material. These rents were formed while the lava 
was cooling, and sand was subsequently washed into them. Examples of 
this structure abound among the andesite-lavas of the volcanic tracts of 
the Scottish Lower Old Red Sandstone (Fig. 336).^ 

The amygdaloidal cavities throughout an interstratified sheet, but 
more especially at the top, often present an elongated form, and are even 
pulled out into tube -like hollows in one general direction, which was 
obviously the line of movement of the yet viscous mass (pp. 134, 30G). 
Some kinds of I'ock, which have appeared as superficial lava-fiows, have 
assumed a system of columnar jointing. Basalt, in particular, is dis- 
tinguished by the frequency and perfection of its columns. The Giants’ 
Causeway, the cliffs of Staffa, of Ardtun in Mull, and of Loch Staffiii in 
Skye, the Orgu'es d’Expailly in Auvergne, and the Kirschberg of Fulda 
are well-known examples. Andesite, rhyolite, obsidian, j)itchstone and 
other effusive rocks likewise occur occasionally in columnar forms. Some 
basic lavas, during their flow, have broken up into rounded, elliptical or 
pillow-shaped masses of all sizes, from a few inches to several feet or even 
yards in diameter (pp. 136, 306). These blocks often present lines of 
small amygdales close to their edges, the centre being sometimes marked 
by larger and more irregularly shaped cavities. The interspaces between 
the ellipsoids were usually filled ^ith some sedimentary deposit, which 
among the Palaeozoic examples is not infrequently chert contjiining 
Badidaria, but it may be limestone, shale, ironstone, volcanic tuff or 
other material. The origin of these rounded blocks has been ascribed 
to the sudden disruption and chilling of lava that has flowed into a lake, 
river, or the sea.^ 

Lenticular sheets or groups of sheets of lava, usually of limited extent 
and with associated bands of tuff, form the more frequent type among 
Palaeozoic and Secondary formations. A single interbedded sheet may 
occasionally be found intercalated between ordinary sedimentary strata, 
without any other volcanic accompaniment. But this is unusual. In the 
great majority of cases, several sheets occur together, with aec()mi)anying 
bands of contemporaneous tuff, and they may be i>ilod up into accumula- 
tions thousands of feet in thickness, their geological age being gtuiorally 
ascertainable from the organic remains associated with them or with 
the conformable strata immediately below or above them. 

Interbedded (and also intrusive) sheets have shared in all the subso- 

^ See ‘Ancient Volcanoes of Great Britain,’ i. i>p. 283, 333, wliere a number of examples 
are figured, also “Geology of Bast Fife,” Mem, Gea7, Sim\ Compare the mml-enclosui'cs 
described by Professor B. K. Emerson, in tlie Triassic Trap of New England, and atti*ibnted 
by him to the influence of strong convection cun’ents, whereby mud wjis rapidly diffused over 
and under lava that flowed into water. BidL Geoi. Stic, Amer, viii. (1897), p. 59. 

2 For descriptions of the ellipsoidal structure of lavas, see G. Platania, in H. Johnston- 
Lavis’ ‘South Italian Volcanoes,’ Naples, 1891, p. 41, and Plate xii. ; J. J. H. Teall and 
H. Fox, Q, J. G, S. xlix. (1893), p. 211 ; J. J. H. Teall, Tmntf. Hoy, Geol, Sn\ (^nrnxoidU 
1894, p. 3 ; P. L. Ransome, Bnll. Ucol Uuivertt, Ctd{foniut^ No. 7 (1894) ; A, G. ‘Ancient 
Volcanoe.? of Great Britain,’ i. 26, 184, 193 ; T. Morgan Clements, Monograph xxxvi* 
U,S. Geol, Sun\ 1899, p. 112. 
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quent curvature and faulting of the formations among which they lie. 
This relation is well seen in the “toadstone” or sheets of dolerite, basalt, 
and tuif associated with the Carboniferous Limestone of Derbyshire 
(Fig. 337).^ 



b •f a> ^ a a ix ^ 


ONE MILE 

Fig. 337.— Saction of intercalated lavas and tutts (“ toadstone ") in Carboniferous Limestone, Derbyshire 
(ii). a a, “ Toadstone," in two bejls ; h b, Limestones ; <.*, Millstone grit ; //, Faults. 

In such abundantly volcanic districts as Central Scotland, tbe necks or vents of enip- 
tion (Figs. 328, 389) may frequently be detected among tbe lavas which proceeded from 
them. The thickness of an interbedded sheet varies for different kinds of lava. As a rule, 
the more acid rocks are in thicker beds th an more basic. Some of the thinnest and most 
persistent sheets may be observed among the basalts, where a thickness of not more than 
12 or 15 feet for each sheet is not uncommon. Both individual sheets and groups of 
sheets have commonly a markedly lenticular character. They usually thicken in a 
particular direction, probably that from which they flowed. On the other hand, beds of 
tolerably unifoim thickness and flatness of surface may be found ; among tbe basalts, 
more jmrticularly, the same sheet may he traceable for miles, with remarkable i*egularity 
of thickness and parallelism between its upper and under surfaces (p. 763). The ande- 
sites and trachytio and rhyolitic lavas -are ^ore iiregular in thickness and fom of 
surface. The domito of Aiivorgne has formed domes without spreading out into sheets. 

Abundant examples of thick intercalated volcanic gi’oups may be studied among the 
Palfeozoic and Tertiary foi*mations of Western Europe, and nowhere on a larger scale than 
in the British Isles. The Cambrian lavas and tuffs of Pembrokeshire, and those of 
Arenig and Bala ago in ITortli Wales, the Lake Distiict, tbe south of Scotland, and the 
south-east of Ireland form a notable record of volcanic activity in older Palaiozoic time. 
They were succeeded by the great outpourings of the Old Red Sandstone, Devonian, 
Carboniferous, and Permian volcanoes. But the volcanic energy gradually diminished 
until the last Pennian eruptions gave rise to groups of small tuff-cones, like those of 
Auvergne, never discharging floods of lava like those of earlier periods, and probably in 
most cases emitting only showers of ashes and stones.® There appears to have been 
a complete quiescence of volcanic activity during the whole of tbe Mesozoic ages in 
Britain. But the subterranean fires wore rekindled in older Tex'tiiiry time, and gave 
forth, the great basalt sheets of Antrim and the Inner Hebrides. 

On the continent of Europe a similar long record of volcanic action is found, with a 
corresponilitig Mesozoic quiescence. Cambrian, Silurian, Devonian, Carboniferous, and 
Permian volcanic rooks have boon found in Fi'ance. The Peimiaii volcanic rocks ojf'^ 
Germany have long been well known. In the Tyrol occur extensive sheets of qimrJ^ 
porphyry of Triassic or older date, together with associated tuffs. 

Some of the most enormous accumulations of ejected volcanic material are 
among the records of Tertiary time in the western parts of North America. Thus in 
the Absaroka raixgo in Wyoming the following sequence of volcanic ejections has been 
established, the whole amounting to 11,000 feet.® 

^ See Section 18 of Jflimz. Sect. Qeol, Siwo. Great Jhitaitu 

® ‘ Ancient Volcanoes of Great Britain,* where the British volcanic history is fully 
described. 

® Mr. Hague, ‘ Absaroka Folio,* V.S. O. S.' Presidential Address to Geol, Soc. Washington, 
1898. This section furnishes another example of alternating basic and acid ejections. 
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Late Basalt flows 300 feet 

Late Basic Breccia, alternations of coarse and fine fragniontal 
material, pointing to a prolonged succession of eruptions . . 2500 ,, 

Late Acid Breccia, composed mainly of andesite detritus, the 

result of many successive explosions 2000 , , 

Early Basalt flows in sheets from 5 to 50 feet in thickness . . 1200,, 

Early Basic Breccia, coame and fine, with intercalated sheets of 

basalt which increase ill number and thickness towards the top . 4000 ,, 

Early Acid Breccia, coarse and fine material irregularly heaped 

together, with some beds of silt and mud .... 1000,, 



Pig. 33S.— Succession of Volcanic conglomerates and Inva-slieets, Caflon of Yellowstone KIvor. 
Photograph by Mr, 0. D. Walcott, U. S. Gcol. Wurvoy. 


Some of these breccias are crowded with erect and prostrate fossil trees, which mark 
successive forest-growths that were ovenvhelmcd and buried under the enormous amount 
of fragmentary material discharged from the neighbouring vents. 

To the west of the Absaroka range lies the Yellowstone National Bark, whore the 
Yellowstone River has cut vast ravines out of the volcanic series, displaying on a grand scale 
a succession of breccias or conglomerates and intercalated lavas. The general topo- 
graphy of the caiion, as influenced by the difference in weathering of the two kinds of 
material, is represented in Fig. 338, the hard columnar lavas foniiing prominent haw. 
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Traces of three types of volcanoes may be recognised among the 
volcanic rocks interstratified in the various geological formations. 

1. The Vesuvian type — consisting of lavas and tuffs which have come 
mainly from one central orifice. Here the rocks rapidly diminish in 
thickness away from their point of origin, and hence form lenticular 
intercalations among the sedimentary strata with which they are associated. 
Thus in Linlithgowshire, the mass of lavas and tuffs above referred to 
(Figs. 331, 333) reaches a collective thickness of probably 2000 feet 
in the Carboniferous Limestone series, but dies out so rapidly that 
mthin a distance of about ten miles it has dwindled down to a single 
sheet of lava less than 50 feet thick. Still more rapid attenuation is 
observable among the older volcanic accumulations of Central Scotland 
and North Wales. We have only to reflect on what would be the 
probable structure displayed by Vesuvius if it had been buried under 
some sedimentary accumulation, and had afterwards been laid bare to 
the roots by prolonged denudation, in order to be able to understand 
the condition in which ancient representatives of the same type may 
be expected to appear. (Compare Figs. 293, 294.) 

2. The Plateau type consists of sheets of lava and tuff which instead 
of accumulating round a main centre of discharge have spread out over 
wide areas, sometimes amounting to thousands of square miles. These 
materials have sometimes come directly out of fissures opened at the surface 
(fissure-eruptions, p. 342), sometimes out of vents which may be crowded 
closely together. In this type the lavas usually largely predominate over 
the fragmental discharges. The more basic lavas, especially those of the 
basalt family, have most frequently assumed this form. 

The fragmentary plateaux of the British Islands, the Faroe Islands and Iceland ; 
those of the Indian Duocau and of Al)yssinia, and the more recent basalt floods which 
have closed the eventful history of volcanic action in North America, are notable 
illustrations of this type of structure. Bods of tulf, conglomerate, gravel, clay, shale, 
or other stratitied intercalations occasionally sepnrate the sheets of basalt. Layers of 
lacustrine clays, sometimes full of leaves, and even with suliiciently thick masses of 
vegetation to form bands of lignite or coal, may also hero and there be detected 
Occasional prostrate or even erect trees may ho observed enclosed in the lava (Fig. »335). 
But marine intercalcations are rare or absent. There can be no doubt that those widely 
extended sheets of basalt were in the main subtusrial outi)ouriiig8, and that in the hollows 
of their hardened surfaces lay lakes and smaller pools of water in which the iiiterstrati- 
fied sodimontaiy materials were laid down. Tho singular persistence of the basalt beds 
has often been noticed. The same sheet may be followed for several miles along the 
magnificent cliffs of Skye and Mull. Mr. Clarence King believes that single sheets of 
basalt in the Snake River lava-field of Idaho may have flowed for 60 or 60 miles.^ The 
basalts, however, so exactly resemble each other tliat the eye may bo deceived imless it 
can follow a band without any intomiption of continuity. 

Next to the basalts, perhaps, come the andesites as plateau-buildera. Conspicuous 
examples of the way in which they have been piled over each other to a depth of many 
hundred feet and over areas of hundreds of square miles may be seen in Contwl and 
Southern Scotland, where the Old Red Sandstone (hills of Lome) and Carboniferous 

^ * Geological Exploration of 40th Parallel,* i. p. 693. See also C. E. Dutton, Natifrc, 
27th November 1884. Wi Ann, liep, C.B, QeoL Bim\ 1884-86, p. 181, and Aih liq), 
same Survey, 1882-88, p. 86. 
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systems (Oampsie Fells and hills above Largs), include consecutivu slicets oi dillbrent 
andesites and diabases that rise into long terraced tablelands. The regularity of t liiek iio.ss 
and parallelisTn. of these sheets form conspicuous features in the scenery ol the dist.riets 
in -^hich they occur. 

3. The Pay type is shown by scattered vents hlletl witli aggloineivit-e 
or tuif, sometimes also with dykes or plugs of Liva. In many cases t.lu‘S(*, 
vents have not emitted any lava-streams. They mark a caunparativoly 
feeble phase of volcanic action. They are sometimes, however, rcunarkably 
abundant within a restricted area, as in the tract of Kast Fife alr(»a<ly 
referred to (p. 751), where at least eighty of them an? crowrled togtiber 
within a space of 70 or 80 square miles. The puys of Auvergne, the 
maare of the Eifel, and the small tuft-conos of the Jhiy of Naplt^s iii-e 
familiar examples of late geological age. 

Part VIII. MKTA^r(')UPIIlSiV^, Looal and IteaoNAL. 

The sense in which the terms “ metamorpbisiu ” and “melamorpbie ” 
are to be employed should be precisely defined at the beginning f)f a 
discussion of the subject, to which they are applied. It is ol)vious that 
we have no right to call a rock metamorjdxic, unless we ciin (1) distinct ly 
trace it into an uiuiltered condition, or (U) can show from its int(‘rnal 
composition and structure that it has undergone a delinito changt‘, or (.*») 
can prove its identity with some other rock whoso metamorphiti (‘hariiettu* 
has been satisfactorily established. At the outset, it may be, rtunarktul 
that, in a certain sense, all or nearly all rocks may be said to liavt*. luum 
‘‘metamorphosed,” since it is exceptional to find any, not of v<'ry nusltu-n 
date, which do not show, when closely oxaminod, proofs of having btum 
hardened by the pressure of superincumbent rock, oi‘ alteiHul by the 
action of percolating water or other daily acting agent of ehangt*. Kv(‘n 
a solid crystalline mass, which, when viewed on a fresh fraet.ure, with a 
good lens, seems to consist of unchanged crystaljino ]>arti(dtis, will ofti*n 
betray under the microscope unmistakable evidence of alteration. And, 
this alteration may go on until the whole internal organisation of tlu^ rock, 
so far at least as we can penetrate into it, has been readjust tul, though 
the external form may still remain such as hardly to in<Ut*at(t tht^ chang<‘, 
or to suggest that any new name should be given to the recomposed rock. 
Among many igneous rocks, particularly the more basic kinds (<liabas<‘s, 
basalts, andesites, diorites, olivine rocks, Ax.), alteration of this njitur*^ 
may be studied in all stages.^ 

But mere alteration by decay is not what g(‘olugists d(‘noto by nuUa' 
morphism. The term has been, indeed, much too loosely muphivcd ; but 
it is now generally used to express a change in the mineralogical or 
chemical composition and in the internal structure of rocks, i>roduccd at 
some depth from the surface, either locally, by intruded masses of highly 
heated material, or regionally, through the opci’ation of mechanical m(»vc 
ments, combined with the influence of heat aucl heated water or vajxmr. 

Metamorphism may consist in, 1st, change of aspect or texture, includ- 
ing induration and other minor phenomena (“contact metamorphism *') ; or 
^ Ante, 1). under ‘"WvathorluK.” 
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2iid, chiinge of form, including all paramorphic transformations, such as 
the conversion of a pyroxeiiic into a hornblendic rock, and the alteration 
of a clastic into a crystalline mass by the crystallization of its original 
constituents ; or 3rd, change of substance, where a chemical (metachemic) 
change has been supeiinduced either by the abstraction or addition of one 
or more ingredients, as in the remarkable contact zones round certain 
intrusive bosses. It is obvious, however, that each of these three forms 
of metamorphisni may be included in the changes which have been super- 
induced upon a given mass of rock.^ 

The conditions that appear to be mainly concerned in metamorphism 
have been already stated (p. 424). It may be added here that these 
conditions may in different cases be supplied : 1st, by the action of heated 
subterranean water carrying carbonic acid and mineral solutions, and often 
under great pressure (pp. 401, 409); 2nd, by the action of hot vapours 
and gases (pp. 269, 313); 3rd, by mechanical pressure combined ^vith 
heat, but without internal movement or deformation, such pressure and 
heat at gi*eat depths in the terrestrial crust being enormous ; 4th, by 
mechanical movements, particularly those which have resulted in the 
crushing and shearing of rocks, and which at great depths must be all 
the more effective from the vast pressure and high temperature (pp. 400, 
411); 5th, by the intrusion of heated eruptive rocks, sometinies containing 
a large proportion of absorbed water, vapours, or gases (pp. 407, 413); 
6th, occasionally and very locally by the combustion of beds of coal. 
Much will obviously depend on the relations of temperature and pressure 
under which the rocks are acted on. Mr. Harker has indicated four 
variations of these relations, which may in different places have existed : 
(1) low temperature and low pressure (Hydro-metamorphism); (2) high 
temperature and low pressiue (Thermo-metamorphism) ; (3) low temper- 
atoe and high pressure (Dynamo-metamorphism) ; (4) high tempemture 
and high pressure (Plutono-metaraorphism).‘^ 

The term “metamorphism,” as originally proposed by Lyell, was 

1 Many terras liuve boen devised to express the character of raetamorphic cliauges. For 
iustance, meUmniatosis, 'nietasmnatic, methyloais, imthyhtic, and mctadtmic applied to 
chemical raetamor],diism or alteration of constitution or substance ; melastadHi indicating 
changes of a paramorphic nature ; metacrmiji, denoting such transformations as the conver- 
sion of mud into a mass of mica, tiuartz, and other silicates ; macrO’atnuituml metamorphism, 
having the external stnicture (morphology) changed, as where an amori>hous condition 
becomes schistose ; mici'O-stnvitural, having the internal structure (histology) wholly 
changed, with or without a macro-structural alteration ; minmilorjimJ, having one or more 
of the component minerals changed, with or without an alteration of the chemical composi- 
tion of the rock as a whole. See King and Rowiiey, “An old Chapter of the Geological 
Eecord,” 1881 ; Dana, Am&r, Joum. ScL xxxii. (1886), p. 69. Bonney, Quart, Jmrn, 
OeoL ^oc. (1886), Address, p. 30 et seq. G. H. Williams, Bull, ?7.>S'. OeoL Su't'v. Eo. 62 
(1890), p. 43. Various terms have likewise been proposed for metamorphism from the 
point of view of its cause, os Dislocation-omtaviOTyhim (Lossen), MeoJutnical metamoi' 
phism (Heim and Baltzer), Fnction~metaviorphis7)h (Gosselet), Dyuawiced metamorphum 
(Rosenhusch), Eeapiny-up metamorphisfni (Stammga M, Giimbel and Credner), Prmurc 
imta'itwrphism (Bonney), and those by Harker, quoted in the next paragraph. 

a Qeol. May, 1889, p. 16. 
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applied to rocks having a schistose or foliated structure which were 
regarded as altered sediments. For many years afterwards it continued 
to he used in the same sense, and not until comparatively recently did 
geologists recognise that rocks originally of eruptive origin, but interposed 
■ among sedimentary strata, were necessarily affected by the changes which 
the latter underwent in the processes of metamorphism. It is now well 
established that igneous rocks no less than aqueous have been meta- 
morphosed, and, as Lessen pointed out, they furnish in some respects even 
a better starting-point from which to attack the problem of motjimorphism, 
inasmuch as their original definite mineral aggregation, chemical com- 
position and structure furnish a scale by which the subsequent mutations 
of the rocks may be traced and measured.^ 

It must obviously be often difficult, not infrequently imi^ossilde, to 
detei-mine to what particular combination of conditions the metamorphism 
of a group of rocks is to be assigned, whether mere pressure, or pressure 
combined with crushing and deformation, or with a high temperature, or all 
of these with the co-operation of water and mineralising agents, have been 
concerned in the change. For convenience of desciiption some kind of 
classification of the phenomena is required. Accordingly geologists have 
long been in the habit of recognising among the alterations which can 
properly be considered metjimorphic two broad types. 1st, Contact- 
Metamorphism, where the rocks have been altered by contact with or 
proximity to some body of eruptive material, and 2nd, Regional Meta- 
morphism, where the alteration cannot be ascribed to any such local 
cause as the invasion of an intrusive rock, but is so widespread that it 
must be due to a more general origin, such as conditions of pressure, 
temperature, mechanical movement, presence of water and mineralising 
agents affecting extensive tracts of the earth's crust. This an-angement, 
though convenient, cannot always be satisfactorily made, for although in 
regional metamoiphism a maximum of change is often reached which is 
hardly equalled in contact-metamorphism, cases are mot with where the 
phenomena of the two types cannot be satisfactorily discriminated. 
Nevertheless the commonly accepted subdivision is so generally useful 
that it may well be retained until our knowledge of metamorphism has 
become more precise and profound than it is at present. 

§ i. Contaet-Metamorphism. 

In this kind of alteration two fundamental conditions have to be 
considered : 1st, the nature, mass, temperature, and composition of the 
eruptive rock; and 2nd, the composition and structure of the rocks 
through which the intrusive material has been injected, and the presence 
or absence of interstitial water in them. (1) With regard to the first of 
these conditions, it is obvious that a large intrusion will produce more 
alteration than a small intrusion of the same rock. The areola of meta- 

1 Jahrh, P-mm. Geol Layidcsaiist, 1884, p. 620. See also, for an early study of tlie 
influence of contact-metamorphism on augitio igneous rocks, Allport, Q, /. G, S, xxxii. 
(1876), p. 418. 
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morphism round a great boss of granite or of diorite will be broader and 
the metamorphism itself more intense than that round a mere vein or 
dyke. The constitution of the intrusive rock has been an important 
factor in the metaraorphism. Thus gi‘eat differences are observable 
between the nature and amount of this alteration produced by the more 
basic and the more acid volcanic rocks. The former, such as basalt, 
possess such extreme fluidity as to be able to penetrate into the cracks 
of other rocks and catch up fragments of them, which they indurate or 
even fuse, but without inducing much chemical change. It would appear 
that mere dry heat produces only a small amount of chemical alteration. 
The more acid volcanic rocks, on the other hand, such as trachyte, 
phonolite and rhyolite are viscous or pasty, do not wrap round so closely 
the rocks which they invade, and seldom melt them, though possessing 
a temperature considerably higher than tliat of the basic lavas. But 
owing probably to the vapours with which they are charged they induce 
various chemical transformations.^ Granite has been belie\^ed not to 
furnish examples of the actual fusion of the surrounding or enclosed rocks, 
though it may have absorbed more or less of them (see, however, p. 776), 
but it has long been recognised to be accompanied with a more complete 
transformation of these rocks than any other intrusive material, and this 
change may be traced to a distance of a mile or more from the line of 
contact. In this case also, as has been already stated, the presence of 
pneumatolitic agents — water, alkaline silicates, chlorides and fluorides, 
with other vapours or solutions, has been largely influential, combined, 
doubtless, with great pressure, high temperature, and a continuance of 
* these conditions for vast periods of time. 

(2) With respect to the influence of the nature and structure of the 
altered rock upon the metamorphism, it is obvious that such different 
materials as shale, sandstone, coal, and limestone, will give very different 
results even if exposed to the same amount and kind of metamorphic 
energy. The amount of water present in the pores of a rock '^vill likewise 
largely influence the extent and nature of the alteration. A rock which, 
if perfectly dry, might undergo little or no change, when heated would be 
subjected to chemical reactions and mineral re-arrangements by the 
operation of interstitial water. Much must depend, too, upon the relation 
between the position of the intrusive mass and the stratification of the 
rocks affected. As stated on p. 64, heat is conducted four times faster 
along the planes of stratification than across them, so that an intruded 
sheet or sill should, other things being equal, produce less alteration than 
a boss which breaks across the bedding. It will be readily understood, 
also, that detached portions of a x'ock which have been caught up and 
entirely enclosed within an intmsive mass will show usually a more 
highly altered condition than the peripheral parts of the rock, which 
have merely presented one side to the invading material.^ 

^ Professor Lacroix, Ac(uL Sci, Paris, xxxi. (1894). 

^ Professor Lacroix, in the memoir ahovo cited, has made a particular study of the 
metamorphism of fragments enclosed in volcanic rocks. On the physical eOfeots of 
contact-metamorphism, see J. Barrell, Amer. Journ, ScL xiii. (1902), p. 279. 
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The following examples of the nature of the metamorphism of contact 
are arranged in progressive order of intensit}’’, beginning with the feeblest 
change, and ending with results that are quite comparable with the great 
changes involved in regional metamorphism. 

Bleaching is ■well seen at the surface, where heated volcanic vapours 
rise through tuffs or lavas and convert them into white clays (p. ;U3). 
Decoloration, however, has proceeded also, underneath, algjig the sides of 
dykes. Thus in Arran, a zone of decoloration ranging from 5 or 6 to 
25 or 30 feet in width, runs in the red sandstone along each side of 
many of the abundant basalt-dykes. This removal of the colouring 
peroxide may have been effected by the prolonged escape of hot vapours 
from the cooling lava of the dykes. Had it been due merely to the 
reducing effect of organic matter' in the meteoiic water filteiing down 
each side of the dyke, it ought to occur as frequently along joints in 
which there has been no ascent of igneous matter. 

Coloration. — Eocks, particularly shale and sandstone, in contact with 
intrusive sheets, are sometimes so reddened as to resemble the burnt 
shale from an ironwork- Every case of reddening along a line of junction 
between an eruptive and non-eruptive rock must not, however, be set down 
■without examination as an effect of the more heat of the injected mass, 
for sometimes the colouring may be due to subsequent oxidation of iron 
in one or both of the rocks by water percolating along the lines of 
contact. 

Disaggregation. — ^It is occasionally observable that rocks originally 
coherent and tough have become friable by contact with eruptive material, 
as in the case of gneiss and granite in Auvergne, when in contact with 
the volcanic rocks. 

Induration. — Most frequently the reverse of disintegration has been 
produced, for the rocks along the contact -with an intrusive mass have 
commonly been hardened. Sandstone, for example, is converted into a 
compact rock which breaks with the lustrous fracture of quartzite. 
Argillaceous strata are altered into flinty slate, Lydian-stone, jasper, or 
porcellanite. This change may sometimes be produced by mere dry heat, 
as when clay is baked. Bub it may also arise from the action of heated 
water, as is shown where the percentage of silica has been increiised by 
the deposit of a siliceous cement in the interstices of the stone, or by 
the replacement of some of the mineral substances by silica. Such 
changes are specially observable round eruptive masses of granite and 
diabase.^ 

Expulsion of Water. — One effect of the intrusion of molten matter 
among the ordinary cool rocks of the earth’s crust has doubtless often 
been temporarily to expel their interstitial water. The heat may oven 
have been occasionally sufficient to drive ofi:‘ water of crystallization or of 
chemical combination. Mr. Sorby mentions that it has been able to 

^ Kayser, on contact- metainori)hlsin. aronnd tlie diabase of tlie Harz, Z, G. G, xxii. 
103, where analyses showing the high percentage of silica are given, Hawes, Amer, Jtvurn, 
Zei, January 1881, The phenomena of metainorphisin round granite are further described 
below, p. 778 seq. 
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dispel the water present in the minute fluid cavities of quartz in a sand- 
stone invaded by diabase.^ 

Prismatic Structure. — Contact with eruptive rocks has frequently 
produced a prismatic structure in the contiguous masses. Conspicuous 



a a h a, 

Pig. 839.— fcJaiidstoiic (a a) rendered prismatic by Doleritc (6 b ) ; Bisbopbriggs, Glasgow. 


illustrations of this change are displayed in sandstones through which 
dykes have risen (Fig. 339). Independently of the lines of stratification, 
polygonal prisms, six inches or more in diameter, and several feet in 
length, starting from the 
face of the dyke, have been 
developed in the sandstone.- 

Some of the most i)erfect ex- 
amples of superinduced prisms 
may occasionally be noticed in « 
seams of coal which, from offeriii^f 
least resistance in a group of 
strata, have been more especially 
apt to bo invaded by intrusive 
igneous rocks. In the Scottish 
ooal-iields,' sheets of basalt have ^ 
been forced along the surfaces of pig. 340 .— Coal-seaui (itu) lying on llreclay (it) and made 
coal-seams, and even along their columnar («') by a slU («) of Basalt, Sliore, Saltcoats, 
centre. The coal in these cases is Ayrshire. 

sometimes beautifully columnar, its slender hexagonal and pentagonal prisma, like rows 
of stout pencils, diverging from tlio surfiice of the intrusive sill® (Fig. 340). The 
basalt, on the other hand, has been changed into a kind of clay p. 776). 

1 g. /. a. A 1880. Ante, p. 735. 

® Sandstone altered by basalt, melapbyre, or allied rook, Wildeiisteiii, near Biidiugen, 
Upper Hesse ; Scboberlo, near Kriebitz, Bohemia ; Johnsdorf, near Zittau, Saxony (the 
<Jaader - sandstone of Gorischstoin, in Saxon S^ritze^laud, is beautifully columnar ; W. 
Keeping, Oeol. Mag, 1879, p. 487) ; Bishopbriggs, near Glasgow (Fig. 839). 

® Coal and lignite, with their accompanying clays, altered by basalt, diabase, inelaphyre, 
&o., Ayrshire, Scotland (Fig. 340) ; St. Saturnin, Auvergne ; Meissner, Hesse Cassel ; 
Ettingsliausen, Vogelsgebirgo ; Sulzbaeh, Ujjper Palatinate of Bavaria ; Fiiufkirchen, 
Hungary : by trachyte, Commentary, Central France ; by phonolite, Northern Bavaria, 

VOL. II F 
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Other examples of the production of this structure have been described in dolomite 
altered by quartz - porphyry (Campiglia, Tuscany); fresh -water limestone altered by 
basalt (Gergovia, Auvergne); basalt -tulf and granite altered by basalt^ (Mt. Saint - 
Michel, Le Puy). 

Calcination, Melting*, Coking.- — By the great heat of erupted masses, 
more especially of basalt and its allies, rocks have been calcined and 
partially or completely melted. In some, tlie matrix or some of the 
component minerals have been melted; in others the whole rock has 
been fused. Among granite fragments ejected with the slags of old 
volcanic vents in Auvergne, some present no trace of alteration, others 
are burnt as if they had been in a furnace, or are partially melted so as 
to look like slags, their component minerals, however, remaining distinct. 
In the Eifel volcanic region, the fragments of mica-schist and gneiss 
ejected with the volcanic detritus have sometimes a crust or glaze of 
glass. Sandstones, though, most frequently baked into a compact 
quartzite, are sometimes changed into an enamel -like mass in which, 
when the rock contains an argillaceous or calcareous matrix wdth 
dispersed quartz-grains, the infusible quartz may be recognised. 

lu Hesse and Thuringerwald, Zirkel has described sandstones altered by contact 
with basalt, where the quartz -grains are enveloped in a vitreous matrix, in which 
abundant microscopic inicrolites occur, and present in their arrangenient evidence of a* 
Iluxion- structure. This glassy constituent probably rei)reseuts the argillaceous and 
other materials in which the quartz-grains were originally imbedded, and which has 
been fused and made to How by the heat of the basalt.** According to Bunsen’s observa- 
tions, volcanic tuff and phonolite have sometimes been melted on the sides of the 
dolerite dykes which traverse them, so as to present the aspect of pitchatono or 
obsidian."* Complete fusion, fluxion-sti*ucture, and microscopic crystallites, resembling 
those of true igneous rocks, may thus be produced in sedimentary rocks by contact- 
metamorpliism. 

The effects of eruptive materials upon carbonaceous beds, and 
particularly upon coal-seams, are among the most conspicuous examples 
of this kind of alteration. The effects vary considerably, according to 
the bulk and nature of the eruptive sheet, the thickness, composition, 
and structure of the coal-seam, and probably other causes. In some 
cases, the coal has been made prismatic, as above described. More often 
it has been fused and has acquired a blistered or vesicular texture, the 
gas cavities being either empty or filled with some infiltrated mineral, 
especially calcite (east of Fife). The most frequent change is the conver- 

^ Naumann, * Geoguosie,’ i. p. 737. 

® It is worthy of observation that changes of the kind hero I'oferred to occur most 
commonly with basalt-i-ocks, melaphyres, and diabases. Trachyte has been a loss frequent 
agent of alteration, though some lemiu'kahle examples of its iulluence liave been noted. 
Poulett Scrope (QecH* Trans, 2nd ser. ii.) describes the alteration of a trachyte conglomenito 
by trachyte into a vitreous mass. Quartz-porphyry and diorite occasionally present examples 
of calcination, or more or less complete fusion. But with tlio granitic and syenitic rocks 
changes of this kind liave never been observed. Naumann, * Geognosie,’ i. p. 744. 

. “ JY, Jafirh, 187*2, p. 7. For other examples see Mohl, VerhemU, (/eoL ReichsamL 
171, p. 259 ; Hussak, TschermaBs Mini, MiWmU 1883, p. 530. 

"* Usually the vitreous baud at the margin of a basalt dyke belongs to the intruded rock 
and not to that through which it has risen pp, 235, 785, 745). 
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sion of the coal into a hard and brittle kind of anthracite or “ blind coal/’ 
owing to the loss of its more volatile portions (west of Fife). This 
change may be observed in a coal-seam 6 or 8 feet thick, even at a 
distance of 50 yards from a large dyke. Traced nearer to the eruptive 
mass, the coal passes into a kind of pyritous cinder, scarcely lialf the 
original thickness of the seam. At the actual contact with the dyke, it 
l)ecomes by degrees a kind of caked soot, not more perhaps than a few 
inches thick (South Staffordshire, Ayrshire). Coal has sometimes even 
been turned into graphite (New Cumnock, Ayrshire).^ 

The basalt of iMeiasiier (-Lower Hesse) overlies a thick stratum of brown cool which 
shows an interesting series of alterations. Immediately under the igneous rock, a thin 
seam of impure earthy coal (“letteu’*) appears as if completely burnt. The next 
underlying stratum has been altered into metallic-lnstred anthracite, ])aasing downwards 
into various black glossy coals, beneath which the brown coal is worthless. The depth 
to which the alteration extends is 5*3 metres.*-* Another example of alteration has 
been described by G. vom Rath from Funfkirchen in Hungary. “ A coal-seam has 
there been invaded by a basic igneous rock (perhaps diabase) now so decomposed that its 
true lithological character cannot* be satisfactorily determined (see p, 775). Here and 
there, the intiusive rock lies concoidantly with the stmtification of the coal, in other 
places it sends out iingers, ramifies, abruptly ends olf, or occui*s in detached nodular frag- 
ments in the coal. The latter, in contact with the intmsive material, is converted into 
piismatic coke. The analysis of three specimens of the coal throws light on the nature 
of the change. One of these (A) shows the ordinary composition of the coal at a 
distance from the influence of the intrusive rock ; the second (B), taken from a distance 
of about 0‘3 metre (nearly 1 foot), exhibits a partial conversion into coke ; while in the 
third (0), taken from innnediato contact with the eruptive mass, nearly all the volatile 
hydrocarbons have been expelled. 



Ash. 

Siilpliur. 

Coke. 

Bitumen. 

A. 

8 *29 per cent. 

2-074 

79*7 

20-3 

B. 

9/3 „ 

1-112 

87-8 

12*2 

C. 

46-96 „ 

0T61 

95-3 

4-7 


During the subtonunoan distillation arising from the destmotion or alteration of coal 
and bituminous shales, while the gases evolved find their way to the surface, the liquid 
products, on the other hand, are apt to collect in fissures and cavities. In Central 
Scotland, whore the coal-fields have been so abundantly pierced by igneous masses, 
petroleum ami asphaltum are of fro<piout occurrence, sometimes in chinks and veins of 
sandstones and other sedimentary strata, sometimes in the cavities of the igneous rocks 
themselves. In West Lotliian, intrusive sheets, tiaversing a group of strata containiug 
seams of coal and oil-shale, have a distinctly bituminous odour when freshly broken, and 
little globules of petroleum may be detected in their cavities. In the same distriot, the 
joints and fissures of a massive sandstone are filled with solid brown asphalt, which the 
quarrymen manufacture into candles. 

^ For a recent account of this Cumnock example see H. Bolton, Tram, OmU iSoc, 
MancImUr, xxiiL (1895). Tliu cool has been miule columnar and the columns at their 
junction with the btwalt pass into gi’aj)liite, which adheres to the intrusive rock. 

® Moesta, * GeologiHolie Schilderung, Meissner und Hirschberge,’ Marburg, 1867. 

“ 0. vom Rath, S, Jahrh, 1880, p. 276. In the above analyses the bitumen includes all 
volatile constituents driven ofi' by heat, houoe coke and bitumen 100. Another instance is 
described by Giimbel from Miihrisch-Ostrau, whore coal is coked by an augito-porphyry, 
Verh, QeoL Reiclisanst 1874, p. 55. 
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Propylitisation. — Ecfereiice Huiy be made here to tho chiiuges supev- 
induced in rocks by the influence of hot vapom-s and gases (solfataric 


y. 


h a an a h 

Fig. 841— Dykes of bawilL 
(a a a) traversing chalk 
(6 b), ■which near the 


conversion of hornblende 

and that of the felspars into epidote. 

Marmarosis.— The most frequent alteration undergone l)y limestone 
when invaded by an eruptive rock is its conversion iiito crystiilline or 
saccharoid marble. This change may extend only an inch oi two fiom 
the edge of a dyke, but may stretch over hundreds of yards whore the 
eruptive mass has been of largo size. As a rule it 
i’Tc^ffrrrrr ^ jg more pronounced in connection with acid than 
with basic igneous rocks. A pure limestone will give 
rise only to crystalline calcite grains, but if, as so 
frequently happens, admixtures of non -calcareous 
sediment are present, they induce the development 
of other minerals, such as tremolite and garnet. 

, , , ^ One of the earliest described examples of this chan^'o is that 

at EatWin Island, off the north coast of Ireland (Fig. 341). 
iBlfliKl, Antrim. Two basalt dykes (20 and 35 foot thick respectively) ascend 

there through chalk, of which a band 20 feet thick separates 
them. Down the middle of tliis central chalk band runs a tortuous <lyke one foot 
thick. The chalk between the dykes and for some distance on either side has been 
altered into a finely granular marble.^ On 
the east side of the great intrusive mass of 
Fair Head the chalk is likewise marmarised. 

Another smaller but interesting illustration 
of the same change occurs at Camps Quarry 
near Edinburgh. The dull grey Burdio House 
limestone (Lower Carboniferous), full of valves 
of Lepei^itia and plants, has there been in- 
vaded by a basaltic dyke, which, sending 
slender veins into the limestone, has enclosed 
poiiuons of it. The limestone is found to 
have acquired the granular crystalline char- 
acter of marble, each little granule of calcite 
having its own orientation of cleavage x>lanes 
(Fig. 342). 

Production of New Minerals. — 

Among the phenomena of metamor- 
phism, whether contfcict or regional, none is more conspicuous than 
the development of new minerals in the rocks affected. Where the 
alteration lias resulted in fusion, microlites or more definite crystals are 
found in the glasses, such minerals as pyroxene, hyperstlKuic, cordierite, 
spinel, biotite, ilmenite, <fcc., being discernililo with the microscope. Where, 
on the other hand, the metamorphism has spread further and may have 



Fig. 342. — Section of llmoHtono («) (Umtlio 
Hou 8«) converted into Kranulnr wnirble 
by IwiHult Qf). Magnliitsd 20 dlumeterH. 


^ Conybeare, Trails. 0ml. Soc. iii. p. 210 and Plate x. Cue of the most remarkable 
examples of nianuarosia is the alteration of the (Massic) limestone of Carrara into tlie well- 
known statuary marble (see postea, p. 804). 
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been due not merely to the high temperature of the eruptive mass but to 
the vapours with which it was impregnated, a much more conspicuous 
development of new minerals is observable. These minerals have usually 
an obvious genetic relation to the composition of the rocks in which they 
are formed, but in many eases they also bear witness to the introduction 
of elements which were not originally present in these rocks. In 
argillaceous strata, such as clay-slates, as Mr. Hutchings has pointed out, 
one of the most unfailing and sensitive indications of commencing 
metamorphism is the progressive decrease in number and increase in size 
of the little rutile needles (ante, p. 171). Next in degi’ee of sensibility is 
probably the development of minute scales of biotite. Quartz and felspar 
have often crystallized together and in their appearance are intimately 
connected. More advanced stages of alteration are marked by the presence 
of what have been called pre-eminently “ contact-minerals,” particularly 
cordierite, andalusite, kyanite and sillimanite. Hence a certain general 
order of succession in the development of the minerals may be traced 
across a broad areola of contact-metamorphism. On the outer margin of 
the ring, the internal re-arj^ngements and mineralogical re-combinations 
show themselves in many argillaceous rocks by the appearance of small 
knots or concretions which are replaced further inward by recognisable 
silicates, such as staurolite, then by kyanite, followed perhaps further in 
by sillimanite, while towards the centre the dark mica which appears 
even in the outer parts of the ring attains a marked prominence, often 
accompanied with garnets and other new minerals.^ A few examples 
. may be cited here, but the subject will be more fully illustrated further 
on in connection with the production of foliation. 

A simple but interesting instance of this kind of contact-metamorphism was described 
many years ago by Henalow, from near Plus Nowydd, Anglosoa. A basalt dyke, lf>4 feet 
in breadth, there traverses strata of shale and argillacicous limestone, which are altered 
to a distance of 35 feet from the intrusive rock, the limestone becoming granular and 
crystalline, and the shale being hardened, liere and there porcellanized, while its shells 
{Prodiicti, &c.), though nearly obliterated, are still traceable by their impressions. In 
the altered fos.Miliferous shale nuiuorons crystals of analcimo and garnet have been 
developed, the latter yielding as much as 20 per cent of limo.^ Similar phenomena 
were observed by Sedgw'iek along the edges of intruded Whin Sill (p. 733) among the 
Carboniferous Limestones and shales of High Toesdale.'* More recently the interesting 
contact-phenomena of this region have been studied in detail by Mr. W. M. Hutchings, 
who has found that below the sheet of igneous rock, which is 100 feet thick, meta- 
morphism is distinctly appreciable through the liniestones and shales down to the 
basement conglomerate, a vortical disbuiee of more than 80 feet The purer limestone 
has been converted into marble, quite like wbat might bo due to the influonoe of granite. 
Argillaceous limestone has likewise been rendered completely crystalline, and amidst its 
i*e-oiystallized caloite other minerals have been developed, especially idocraso, ganiet 
and augite, the last two hero and there growing out from the edge of the sill like the 
teeth of a saw. There occur also pale honihlendo in slender needles, epidote, spheno 
and a good deal of re -crystallized quartz. The intercalated sandstones have been 

1 G. Barrow, Q. J, G, S, xlix. p. 330. For a proposed nomenclature of those rocks in ‘ 
successive zones of contaot-metamorphisni, see W. Salomon, Vongv^s Qiol, InUmat Paris, 1900. 

2 Omribridge Phil Tmm, i. p. 402. 

“ Op. cU. ii p. 175. 
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changed into quartzite. The shales ai*o marked by the production of new mica, with 
chlorite, quartz and sometimes felspar, as well as biotite, andalusite, anthopyllite, &c. 
The calcareous shales display the most extreme alteration in the whole section of strata ; 
they have sometimes been converted into a brown compact homfels-like rock, full of 
garnets, and containing also idocrase, spinel (enclosed in the garnet and idocrase), the 
general gi’ound mass forming a calcareous adinole. The limestone even at a distance of 
60 feet from the contact has been completely re-crystallized, while small angite crystals 
have been developed at a distance of 40 feet.'^ 

At Rongstock on the Elbe in Bohemia certain Seiionian marls have been invaded by 
a moss of dolerite or gabbro, probably of Tertiary age. At a distance of 800 nieti*i‘s 
from the contact the strata begin to got harder in texture and darker in colour ; at COO 
metres their foraminifera become hardly discernible, and at 400 metres arc no longer 
traceable, their places being taken by calcite. At 200 metres the marls regain their 
lighter colour and begin to show little nests of epidote. This mineral gradually attains 
a greater development as tlie intrusive mass is ai>proached, forming groups of parallel 
needles until immediately at the contact the marl is found to have been converted into 
a greyish-white banded rook, formed of folia of epidote, garnet, and quartz, while the 
intersti’atified layers of sandstone have been indiiratfed to the compactness of quartzite. ^ 

Among localities where the development of new minerals in j^roximity to eruptive 
rock has taken place on the most extensive scale, none have been more frequently or 
carefully described than some in the group of mountains lying to the cast and south-east 
of Botzeii, in the Tyrol (Monzoni, Predazzo). Limestones of Lower Tidassic (or Permian) 
age have there been invaded by masses of monzonite, granite, melaphyre, diabase, and 
orthoclaae-porphyry. They have become coarsely-crystullinc marble, ]>ortions of them 
being completely enveloped in the eruptive rock. But their most remarkable featiu'o is 
that in them, and in the eruptive rock in contact with them, many minerals, often 
beautifully crystallized, have been developed, including garnet, idocrase, gehlenitc, 
fassaite, pistacite, spinel, anorthite, mica, magnetic iron, hmmatitc, apatite, and ser- 
pentine. Some of these minerals occur chicily or only in the eruptive masses, others 
more frequently in the limestone, which is marked by a limc-silicate hornstone zone 
along the junction. But these are all products of contact of the two kinds of rock. 
Layers of carbonates (calcite, also with brucite) alternate with lamiinc and streaks of 
various silicates, in a manner strikingly similar to the an’angemont found in limcHtoiKis 
among areas of regional metamorphism, where no visible intrusive rock has influenced 
the phenomena.* 

Alteration of the Intrusive Roek. — While the igneous masses have 
produced more or less metamorphism in the rocks with which they liave 
come into contact, they have not infrequently themselves undergone 
considerable simultaneous modifications both of composition and stnicture. 
Perhaps the most conspicuous illustrations of this reaction are supplied 
where basic intrusions have forced their way among highly carbonaceous 

^ W. M. Hutchings, Gcol. Mag, 1898, pp. 69, 123. 

*■* Professor Hibsch, VerJmmll. K, K. GeoL JlchhmnsL Vicmia, 1889, No. 11, p. 204 j 
Backstrdm, Qeol. Form, Stocklwlmi xiii. (1891), p. 578. 

* On the Monzoni region, see Doelter, Jafirh, Gml, Rdchsa^istalt^ 1875, p. 207, 
where a bibliography of the locality up to the date of publictitioii will be found. Other 
papers have since appeared, of which the following dealing with the phenomena of tiontnet- 
metamorphism may be mentioned. G. vom Rath, JS, D, Q, 0\ 1875, p. 343 ; *Der Mon- 
*zoui in siidostlichen Tirol,* Bonn, 1875 ; Lemberg, E. Z>. G, G, 1877, p. 457. 0. v. Hilbcr, 
X, I), Q, O, li. (1899), p. 89 ; and the memoir of Brogger on the succession of the eruptive 
rocks of Predazzo, being Part ii. of his work on the eruptive rocks of the Ohristijiuia district, 
cited ante, p. 217. 
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strata. A compact crystalline black heavy basalt or diabase, when it sends 
sheets and veins into a coal or bituminous shale, becomes yellow or white, 
earthy, and friable, loses weight, ceases to have any apparent crystalline 
texture, and, in short, passes into what would at first unhesitatingly be 
pronounced to be mere clay. It is only when the distinctly intrusive 
character of this substance is recognised in the veins and fingers which it 
sends out, and in its own irregular course in the altered coal, that its 
true nature is made evident. Microscopical examination shows that this 
“ white-rock ” or “ white-trap ” is merely an altered form of some diabasic 
or basaltic rock, wherein the felspar crystals, though much decayed, can 
yet be traced, the augite, olivine, and magnetite being more or less 
completely changed into a mere pulverulent earthy substance. Traces of 
the glassy selvage of contact may still sometimes be detected in these 
altered rocks. 

Examples of this alteration of the intrusive rock have been above refen*ed to. They 
may be frequently observed in Central Scotland, where the coil-seams in the coal-fields 
have been destroyed by injected sheets of basalt, and where, along the shores of the 
Firth of Forth, as well as in water-courses and quarries, innumerable instances occur 
of the invtision of black shales by similar material with the consequent production of 
“ white- trap.” The following chemical analyses show that basic rocks which have 
undergone this kind of alteration have been conveiied into kaolin and carbonates. 



I. 

II. 

Silica . 

38*830 

36*8 

Alumina 

13*250 

•22*95 

Lime 

3*925 

9*73 

Magnesia 

4*180 

2-85 

Soda 

0*971 

0*5 

Potash . 

0*42*2 

1*1 

Iron pi'otox. . 

13*830 

4*08 

Iron perox. . 

4*335 

2*6 TiO. 

Carbonic acid 

9*320 

11*9 

Phosphoric acid 


0*75 

Maiigtin. protox. . 


trace 

Water . 

11*010 

7*7 


100*073 

100*9« 


I. From the South Staffordshire coal-field. Analysed by Henry, il/iswi. Qeol. 

“ South Staffordshire,” p. 118. An account of “white-trap ” by Jukes is given 
in this memoir. 

II. From Newhalls, South Queensferry, Tinlithgowshire. Analysed by B. Steelier, 
Tscharmiih's Mitiluil, i. (1887), p. 190; Pm*. h'oc, JSdin. 3888. Those 
papers contain the result of Dr. Stecher’s investigation of a collection of 
specimens which I sent to him in illustration of the phenomena of contact- 
metamorphism in the basin of the Firth of Forth. 

In studying the microscopic structure of the rocks which have been altered in this 
way, Dr. Stbohor has shown that along the edges of contact with the sandstones or 
shales, the diabases present a great abiuulance of well-defined crystals of olivine, that 
as the rock is examined ]wogre,ssivcly furtlkcr from the couta«.*t, these ciystals become 
more or less corroded, while in the centre of the sheet they so entirely disappear that 
the rock appeara tis a diabase without olivine. He found that the interior parts of the 
mass are more acid than the exterior parts, and he attributed this difference to the 
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inc 3 orporation of silica from rocks (sandstones, &c.) broken through by the diabase. 
The outer olinne-beariiig selvage he regarded as representing the original composition 
of the rock at the time of its extrusion, and lie thought that the assimilation of acid 
material by the central still fluid and slowly cooling portion led to the corrosion and re- 
solution of the olivine which at the time of extrusion, as proved by the marginal selvage, 
was already perfectly crystallized out. In some of the rooks he found a surplus of silica 
which had oiystallized as quartz. Recognising that the first portion to take dotinite 
• crystalline fonn would be more basic tliaii the still liquid portions, he yet concluded 
that this will not account for the observed facts, w’hich in his opinion point to an actual 
addition of silica.^ 

Basic rocks have exerted a caustic influence more especially \xpon the 
fragments (xenoliths) of other rocks which they have caught up and 
involved. By this action they have incorporated some foreign material 
into their substance so as to modify their chemical constitution and to 
leave unused only a few refractory minerals like zircon, sapphire, and 
others. It has been supposed that no such action occurs among acid 
rocks.^ It is true that in what may be regarded as ])lutonic or deep- 
seated masses of these rocks caustic absorption of this kind appears to be 
absent. But instances have been multiplying in late years of large 
intrusive masses of acid material which, probably connected ^vith volcanic 
protrusions, and therefore exercising their influence nearer the surface 
and under diminished pressure, have unquestionably dissolved more or 
less of the rocks through which they have risen. Their caustic action 
has been most marked when brought to bear upon materials com- 
paratively basic in composition, as where granophyro has penetrated and 
incorporated gabbro. 

The instructive example of this action described in ISQ-i by Professor Sollas from 
Bamavave near Carlingford, in the north-east of Ireland, showed that a Tertiary gabbro 
already solid and traversed by joints and cracks was invaded by granitic (or granophyric) 
material, which must have been in a state of great fluidity so as to be injected into the 
minutest crevices of the older rock (compare Fig. 313), This acid material has absorbed 
so much of the gabbro as to present distinct differences of mineralogical and chemical 
composition, according to the amount and constitution of the portions thus assimilated. 
Professor Sollas believes that at least four vanoties of the acid rock owe their characters 
to this cause— biotite-granophy re, biotite-amphibole-grauophyre, augito-gvanophyro, and 
diallage-amphibole-augite-granophyre,*** 

Another instance is supplied by the granophyro of Carrock Fell, already noticed 
(p. 710). Mr. Barker has shown that the augite has been wholly dissolved out of the 
portion of the gabbro at the junction and incorporated in the acid rook, and that the 
felspar has also in great part been dissolved, though some of the largo crystals of plagio- 
clase in the modified gi-anophyre may belong to the gabbro, while the iron-ores and 
apatite remain with little or no change,^ 

A third illustration has been brought to light by Mr. Harkor from the Tertiary 
volcanic series of Skye, where a gi’anophyre has invaded a gabbro and has absorbed so 
much of the basic mateinal ns to constitute fully one-fourth of its own bulk.” 

^ See his papers, cited above. 

® Zirkel remarks, for instance, that it is not met with among the fragments enclosed in 
granites and syenites, “ Lehrbnch der Petrographie,” i. (1893), p. 698. 

* Tmm, Roy, Irish Accul, xxx. Part xii. (1894), p. 477. 

4 Q. J. 0, S IL (1896), p. 136. 

” Op. Git lii, (1896), p. 320. 
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Ppoduetion of Foliation. — The most extreme form of contact-meta- 
niorphism has been reserved for the last part of this section. In this case 
not only have now minerals been developed, but the whole texture, 
structure, and composition of the altered rock have been changed, and 
this transformation has sometimes been accompanied by such a complete 
transfusion or interblcnding of the emptcd and the metamorphosed rock 
that no sharp line can bo drawn to define their respective limits. Eefer- 
ence has already been made to some of the aspects of this commingling 
in conneefcion with the relation of certain intrusive masses of granite. 
We have now to consider it rather as it has affected the rocks into which 
the granite has boon intruded. The chief feature of this intensest type of 
contact-metamori)hism is the production of a foliated structure, which in 
different cases may be observed in every stage of development, from the 
incipient micaceous films of a clay-slate or phyllite up to the thoroughly 
crystalline condition of a schist or gneiss. This structure is recognisable 
whether the line of separation between the eruptive rock and its surround- 
ings is distinct, or is lost in that lit par lit alternation which has already 
been described (p. 728). In its feebler development it can be seen to have 
followed the pre-existing divisional planes of the rocks affected by it. In 
some cases these planes have been those of bedding, in others they have 
been those of cleavage, when the latter had become the most pronounced. 
But in the extreme stages it is sometimes difficult or impossible to decide 
whether the planes of foliation represent previously existing planes or 
have been developed along a new series connected with the influence of 
the intrusive rock. Where a group of sedimentary rocks of tolerably 
various petrographical characters strikes at a large eruptive boss, so as to 
present to it the ends of successively different strata, the foliation which 
follows approximately the margin of the igneous mass, and crosses the strike 
of the stratification of the metamoqffiosed rocks, must obviously be due to 
the action of the invading material. The petrographical contrasts between 
the original sediments will still be evident in their metamorphosed condi- 
tion, so that the character of the material and the degree of its foliation 
may bo expected to vary as the metamorphism is followed from argillace- 
ous to siliceotis or calcareous bands. These features have a special signi- 
ficance, as they connect in the most intinmte way the phenomena of 
contiict and regional metamorphism. 

It is natural that various opinions should be entertained as to the 
cause of the rough parallelism which may thus bo traced between the 
margin of the eruptive niass and the direction of the foliation in the 
immocliatoly adjac(mt rocks. If we regard the foliation in regional 
metamorpliism as having hiwl its planes determined by shearing stresses, 
inci'oasing even to rupture, we may suppose that some similar mechanical 
effects were produced around a gi'cat boss of eruptive material driven like 
a huge wedge into the terrestrial crust, and that along the planes of 
cleavage or rupture thus orginated the foliation wiis simultaneously or 
subsequently developed, with the co-oporation of the mineralising agents 
supplied from the intrusive mass. There appear to be cases where large 
masses of eruptive material have taken their places in the crust before the 
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completion of the organic movements, and have consequently undergone 
some part of the stresses to which the foliation of the surrounding rocks 
is ascribed.^ On the other hand, without invoking mechanical aid we 
may seek the explanation in a possible permeation of the ineUimorphosed 
rocks by the mineralising agents successively passing outward from the 
body of intruded magma, with the consequent formation of successive 
zones of re-crystallization parallel with the periphery of the plutonic 
mass. Or we may consider w^hether there might not be an actual trans- 
ference of the magma itself across the surrounding rocks which it was 
able to absorb and incorporate, so as in cooling and crystallizing to give 
rise to segi’egations of minerals along successive planes parallel to the 
body of cool rock outside and to the surface of the hot mass inside. 

A vast number of instances of such extreme forms of contact- 
metamorphism have now been described in detail from all parts of the 
world. Space can be found here for only a few illustrative examples, 
taken from some leading types of intrusive rock. 


Granite.— Round the gi’anito 



bosses of Devon and Cornwall, already referred to 
(aiUCf p. 728), the Devonian and Carboniferous forma- 
ations have undergone remarkable changes, which 
have long been cited as classic examples of c.ontact- 
metamorphisin. Fine greywacke and slate have been 
convened into mica -schist and varieties of gneiss 
(comubianite). In some cases the slates become in- 
durated and dark in colour, and now minerals (schorl, 
chiastolito, &c.) are developed iu them. The volcanic 
bands intercalated with the sedimentary series likewise 
undergo alteration, the “greenstones,’* in parti<jular, 
becoming much more coni'sely crysbilliiie as they 
approach the granite. Each boss of gi'auito is sur- 
rounded with its ring of inutaniorphism, whicdi varies 
greatly in breadth and iu the intensity of alteration.® 
Interesting sections may bo seen near Victoria, Corn- 


' wall, which show the manner in which schorl has been 
introduced from below into the slates and has given rise to schorl-schist. 1 1 will be 
remembered that schorl contains some 10 per cent of boric acid and a little lluorine, two 
of the mineralising agents which are regarded as especially elfectivo in the eontact-meta- 
morphism pmduced by granite. In the sections hero referred to, the schorl has l)oou 
introduced into vertical joints or fissures of the silvery slates or killas (Fig, 343, a), 

^ As already pointed out (p. 718), this development of the crystalline Ktriieturc in plutonic 
rocks at such a time and under such conditions is Dr. Weiiischenk’s 
Cmnpt. rmd. congrPn. OPol, Intermt. Paris, 1900, p. 340. 

® De la Beche, ‘Report on Geology of Devon and Cornwall,’ Mm. f/rol, 1839, 

p, 268. See also Forbes, Geol QmumUf ii. p. 260, and Boase, op. eif. iv. (1832), 

p. 166. The microscopic structnre of the unaltered slat-tw of Cornwall has l)(*en deseribwl 
by Allport, Q, J, <^, H. xxxii. (1876), p. 407, and that of the greenstones by .T. A. J*hillipH, 
op. cit. xxxiv. (1878). Some interesting observations on the inetamorphiHm of Cornish and 
other slates ore given by Sorby in his Address to the Geological Society, op, n't. xxxvi. 
(1880), p. 81 seq. More recent information regarding the gi-anite and mebunorphism of 
the south-west of England has been supplied by General M‘Mahon, J. U. K xUx. (1898), 
p. 385 ; 1. (1894), p. 338 ; F.Rutley, Q. J. O, lii. (1896), p. 66 ; Jiusz, (M. Mag. 1896, 
p. 492 ; A. Somorvail, Geol. Mag. 1898, p. 509. 
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which for a distance ot three or four inches on either side have been bleached from 
their usual pink tint into wliite and pale yellow. The laminfe of the slates have 
sometimes been puckered, and between them the schorl has been deposited in thin 
black leaves. Those leaves rapidly die out on either hand ; and as they are piled 
above each other witli only thin partings of slate between them, they look at a little 
distance like black veins or dykes, from a few inches to a foot or more in breadth 
(Fig. 343, ii). Where they occur, the slates, which are usually soft and decomposing, 
have been gi’eatly indurated ; the granite is probably in place at no great depth below, 
hut it does not here reach the surface. It has evidently given ofl*, however, mineralis- 
ing solutions which ascended through weak parts of the slates, introducing into 
tlieni the silica which has indurated the rock and formed eyes of quartz and likewise 
the aluminous silicate, with its boric acid, fluorine, and iron-oxide, which separated out 
as schorl. 

In the Lake District of the north of England excellent examples of the phenomena 
of contact may bo observed round the granite of Skiddaw. The alteration here extends 
for a distance of two or three miles from the central mass of granite. The slate, where 
unaltered, is a bluish-grey cleaved rock, weathering into small flakes and pencil-like 
fi*agmeiits. Traced towards the granite, it first shows faint spots, ^ which increase in 
number and size until they assume the form of chiastolite crystals, with which the slate 
is now abundantly crowded. The zone of this ehiastolite-slate seldom exceeds a quarter 
of a mile in breadth. Still closer to the granite, a second stage of iiietarnorphism is 
marked by the development of a general schistose character, the rock becoming more 
massive and less cleaved. The cleavage-planes are replaced by an incipient foliation due 
to the development ot abundant dark little rectangular or oblong spots, probably 
imperfectly crystallized chiastolite, this mineral, as well as andalusite, occurring also in 
ki^e crystals, together with minute flakes of mica (spotted schist, Knotenschiefer). A 
third and final stage is reached when, hj’’ the increase of the mica and quartz-grains, the 
^rock passes into mica-schist — a light or bluish-grey rock, with wonderfully contorted 
foliation, whic.h is dovelped close to the granite, there being always a sharp line of 
demarcation between the mica-schist and tho granite.**^ ^ 

In the same region the granite boss of Shap Inxs produced some interesting changes on 
the andesitic rhyolitic and more basic lavas and tuffs associated with the Lower Silurian 
strata. These changes have been studied by Messrs. Havkcr and Marr, W'ho describe 
the gradual alteration of tho andesites by the. develojnnont of brown mica, hornblende, 
sphene, and other minerals. Tho amygdaloidal cavities had been filled with secondary 
products, and the rocks had been considerably weathered before tho intrusion of 
the gi’auite, lor the materials filling the vesicles partake in tlio general metamorphism. 
By tho gradmd increase of the brown niicti and the production of a marked laminated 
structure indicated by the parallel disposition of tho mi(!a-flakos, those lavas and tuffs 
assume the aspect of true cry.stHlline Hchista.** 

Farther north, in tho south-western counties of Scotland, several large masses of 
fine-grained granite rise through the Lower Silurian greywaoke and shale, which, 
around the granite for a variable <listanee of a few hundred yards to nearly two miles, 
have undergone groat altoration (sc^ Fig, 300), These strata are ranged in steep 
anticlinal and .sym^linal or isocdiual folds, which run across tho country in a general 

^ Mr. HiitchingH has fouml that in tlio neighbouring district of Simp the siiots which wore 
thought to ho ]>rohiibly andalusite consist of cordlerite, and in some ctises of white mica. 

Mag. 1394, p. 65. 

“ J. C. Ward, Q, J. (J, K xx.vii. (1876), p. 1. Compare the development of andalusite 
in regional metamorphism, p. 797, note. 

Hnvker and Marr, Q. J. G. xlvii. (1891), p. 266, ami xlix. (1893), p. 359, whore 
some interesting conclusions are given as to the trivial and partial nature of the chemical 
changes produced by thonnoinutamorplusm. 
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north-east and south-west direction. It is observable that this normal strike continues, 
with little modification, np to the granite, which thus has replaced an equivalent urea of 
sedimentary rook (see p. 728). The coarser arenaceous beds, as they ax^proach the gi’anite, 
are changed into quartz-rock, the thin siliceous shales into Lydian -stone, the black 
anthracitic graptolite-shales into a compact mass charged wdth pyrites, and breaking 
into large rough blocks. The radiolarian cherts pass from their usual flinty texture 
into coarsely crystalline quartz-rocks. Strata wherein felspar-grains abound have been 
altered to a greater distance than tlie more siliceous beds, and show a gradation through 
spotted schists, with an increasing development of mica and foliation, until along the 
edge of the granite they become true mica-schist and even a fine kind of gneiss.^ The 
pebbly conglomerates which form a marked horizon among the unaltered rocks, are 
traceable in the metamorphosed areole as rooks which, at first sight, might bo taken for 
some kind of porph 3 n*itic gneiss. Their quartz-pebbles have assumed a resinous aspect, 
and are enveloped in a crystalline micaceous paste. 

The French Pyrenees present instructive examx>les of the effect of the protrusion 
of granite and other emptive rocks upon Cambrian and later formations. Fuchs traced 
the metamorphism of clay -slate through spotted schists (frucht-, chiastolite-, and 
andalusite-schists) into mica-schist and gneiss.^ The region was afterwards studied in 
great detail by Barrois, who distinguished three successive zones in the metaniorphic 
areola surrounding the gi*anito. On the outside lies the zone of “goffered schists,’* in 
which a puckered structure has been developed without any new mineral combination 
of the elements of the rock. Next come the chiastolite -schists, with ciystals of 
chiastolite, tourmaline, &:c., which become more and more micaceous towards the interior, 
till they pass into the third and innermost zone, that of the loptinolites, which are 
highly micaceous schists witli small crystals of chiastolite, and soniotimcs with tour- 
maline, rutile, and triclinio felspar. Barrois also showed that miind the masses of 
kersantite a ring of chloritic mica-schist has been developed, followed outside by one 
of spotted schists.® 

More recently the granite of the Pyrenees and its contact phenomena have been 
made the subject of detailed studies by Lacroix. He shows that iii the Haute Ariegc 
the Silurian or Devonian clay-slates not only pass into the usual phyllitie and micaceous 
condition, but become like the most ancient mica-schists, and immediately next the 
granite have been felspathised until they assume even a gneissic aspect. The felHX)athic 
substance is supposed to have been introduced partly by imbibition, and is then only 
discoverable by the aid of the microscope, partly by injection where the granite baa 
penetrated in thin layers between the lamime of the schists. Great changes are likewise 
made on the limestones, which assume the usual marmarised fonns, with numerous metu- 
morphic minerals, passing into garnet rocks, epidote rocks, and other compounds. In 
discussing the origin of these changes, Lacroix adopts the view that they have been 
essentially brought about through the influence of the mineralising agents with which 
the granite was charged. He further shows that the granite itself presents great 
diversity of composition in different parts of its mass, passing into diorite, norite, and 

^ J. Home, Mem. Oeol. Burv. Scotland>^ Exxdanation of 8heet 9, p. 22. JMt, Amfc. 
1892, p. 712. J. Home and J. J, H. TeaU, QeoL Butg, BcotUind^ K.Nplanation 

of Sheet 5, and more especially the large Memoir on the Silurian Rocks of Heotlaud (1899), 
chap, xxviii. The microscopic stmeture of the altered rocks in this district has been 
studied by Professor Bonney and Mr. Allport, Proc. Roy. Boc. xlvi. (1889), and Miss M. J. 
Gardiner, Q. J. O. B. xlvi. (1890), p. 609. 

2 E: Jahrh. 1870, p. 742 ; see also Zirkel, Z&itscih. Dmtscfi. Geol. to. xix. (1867), p. 
175. 

® 'Recherchos sur les Terrains aiiciens des Asturies ot de la Galice,* quarto, Lille, 1882 ; 
J. Roussel, BvU. Garte. Oiol. France, v. No. 85 (1893) ; Carez, B. B. G. F, xxiv. (1896), p. 
889 ; XXV. (1897), p. 466 ; Garalp, xxiv. p. 628 ; Stuait Meuteith, p. 898. 
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even peridotite, and lie accounts for these differences not by supposing any differentiation 
of the constituent materials of the rock, but bj^ supposing that the granite has probably 
involved and assimilated in vaiious proportions the calcareous sediments through which 
it has risen. ^ 

A large series of important observations has been made by Barrois in Brittany with 
regard to the granites and metaniorphisni of that region. Thus at Guements in the 
maritime department of Morbihan, where Lower Siluiiau strata have been invaded by 
granite, the sandstones (gr^s a scolithos) have been converted into micaceous quartzites. 
These altered rocks, traced farther inwards, are further distinguished by the develop- 
ment in them of sillinianite, sometimes in sufficient abundance to impart a foliated, 
undulated, giieissoid stincture. At the contact with the eni[)tive rock, this quartzite 
shows re-crystullized quartz, black mica, sillimanite, cordierite, and a good many crystals 
of orthoclaso and plagioclase, besides white mica. The matrix of the congloinei-ates is 
altered into a mass composed of rounded or angular grjiiiis of quartz united by abundant 
white seiicitic mica, and containing some crystals of zircon, largo plates of muscovite, 
and yellow granules of limonito.*-^ 

Ill connection with the French examples of contact-metamorphism reference may 
again be made here to the important researches of A[. Michel-Levy on the e>;tent to 
which sedimentary rocks liavo been transformed into crystalline schists by the intro- 
duction of gmiiitic material into them p. 728). It has been proved by this 

geologist, and liis observations have since been confirmed in other countries, that in some 
cases (which are probably more frequent than has been suspected) the strata have been 
‘^granitised ” or permeated with the constituents of granite not merely as large veins or 
dykes, but in minute threads and lamime, which follow generally the more marked 
divisional planes, such as those of bedding, cleavage, or foliation. To quote only one 
example in this place, near the contact of the micaceous schists of Saint Ldon with the 
giMiiitc which pierces them, this observer found that the eruptive rock has been injected 
, between the planes of the schists in leaves from a few millimetre.s to one or two oenti- 
m(jtros thick. The rock has thus a ribboned appearance from the alternation of numerous 
dark micaceous layers with the finely granular pink or white scams of granite. By such 
a process of metamorphism and injection, undoubted sedimentary strata have acquhed 
a structure that can hardly be distinguished from that of some ancient gneisses.** 

Another admirable locality for the study of coutact-niotamorpliism is the eastern 
Vosges. Kosenbusch, in describing the phenomena there, has shown that the unaltered 
clay- slates are grey, brown, violet, or black, thinly fissile, here and there curved, 
crumpled, and crowded with kernels and strings of quartz.^ Traced towards the granite 
of Barr Andlau, they present an increasingly pronounced motamorphism. First they 
assume a spotted appearance, owing to the development of small dark points and knots,, 
whicli increase in size and number towards the granite, while the ground-mass remains 
unaltered (knotonscliiefer, fruohtsohiefer). The ground-mass of the slate then becomes 
lighter in colour, harder, and more crystalline in appearance, while flakes of mica and 
quartz-grains make their appearance. The knots, now broken up, rather increovse than 


^ BtUL Carte. OSol. P'muce, No, C4, tome x. 1808 ; No. 71, tome. xi. 1900. (See ante, 
p. 710.) 

“ Ann. tioe. Q6ol. Nml. xl. (1884), p. 103 ; xii. pp. 1, 88 ; xv. p. 238 ; xvi. p. 10 ; 
JiaU. Carte Gdol. P-rmce, No. 7, 1889. The occurrence of trilobites and orthids in slates so 
altered as to contain well-developed crystals of chiastolite was long ago noticed by Puillon- 
Boblaye {Qmjit. rend. vi. 1886, p. 168) ; his observations were confirmed by the Comte do 
Linmr, B, N. 0. F. xiii. p. 66. 

® See besides the i)apers by Miobel-Ldvy, Horne, and Greenly, cited ante, p. 729, another 
by the first-named author, Qon(p'. Q^ol. JnternaU 1888, p. 69. 

Nmee JaJirh., 1875, p. 849, ‘Die Steigerschiefer und ihro Contact-2iOue,' Strassburg, 
1877. Unger, mm Jahrh., 1876, p. 785. 
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diminish in size ; the hardness of the rock rapidly increases, and th«j iissilo structure 
becomes unrecognisable oil a fresh fracture, though observable on a weathered surface. 
Still nearer the granite, the knot-like concretions disapi)ear from the rock, which then 
has become an entirely crystalline mass, in which, with the lens, small Hakes of mica 
and grains of quartz can be seen, and which under the microscoiio appears as a thoroughly 
crystalline aggregate of andalusite, quartz, and mica. The proportions of the ingredients 
var}’’, but the andalusite and (piartz usually greatly ][>repondoi’ato (andalusite-schist). 
Chemical analysis shows that the unaltered clay-slato and the ciystallino aiidahisite- 
schist next the granite consist essentially of similar chemical materials, and that 
“probably the metamorphism has not taken jdace by the addition or Hiihtraction of 
matter, but by another and still unknown process of molecular transposition." ‘ Iii 
some cases, boiic acid has been supplied to the schists at the con tact. Still more 
striking, perhaps, is the condition of the rocks at Kothau ; they have become horu- 
blendic, and their included corals have been replaced, without being distorted, by 
crystals of hornbleude, garnet, and axinito.*^ 

In the Christiania district of Southern Norway, singularly clear illnstnitious of the 
metamorphism of sedimentary rocks round eruptive granite have long becui known. 
Kjerulf has shown that each lithological zojw of the Silurian formations, as it apin'oaches 
the granite of that district, assumes its own distinctive kind of iiietamorphism. The 
limestones become marble, with crystals of tremolite and idocraso. Tho calcareous ami 
marly shales are changed into hard, almost jaspery, shales or slates ; the cement-stone 
nodules in the shales appear as masses of garnet ; the sandy strata became hard siliceous- 
schists (halletlinta, jasper, hornstone) or quartzite ; the nou-calcareous black chiy-slatt‘s 
are converted into chiaatolite-sohists, or graphitic schists, but often show to tho eye 
only trifling alteration. Other shaly beds have assumed a fine gliniiiiering apiKsaraac.o ; 
and, in the calcareous sandstone, biotitc has been developed. lu spite of the meta- 
morphism, however, neither fossils nor stratitication have been <iiuto obliterutiub from 
the altered rocks. From all the stratigraphical zones fossils have been found in the 
altered belt, so that the true position of the metamorphosed rocks admits of no doubt.** 
Professor W. C. Brbgger has subjected the rocks of the zones of eoutact-metamorpliism 
rouud Ohiistiauia to a searching inioroscopic examination, and has imbliHlnHl a highly 
important and interesting memoir ou the subject. Ho describes tho unaltered and 
altered conditions of the more conspicuous stmtigi’aphical bands, and thus })rovidu.s new 
material for the investigation of contact-inetamorphism. Especially iuten*sting are his 
descriptions of the distinctive metamorphisin of each band, the remarkably variable 
amount of alteration even in the same band, the persi.stonoe of recognisable graptolites 
even in rocks that have become essentially ciystalline, the transformation of liniestono 
into marble, of which a fourth or iifth part is composed of gann^t, partly in largo 
rhombic dodecahedrons, and partly as a mould enclosing OHhh 

Around the iutriasive granite and syenite in the schist district of the IClbe valley hills 
in Saxony some varied manifestations of contact- rnetamorph ism have been dc..s<*ribt!d 
by F. Becke.<* The Silurian clay-slates have there been con verbid into knottc<l schists 

* Unger, op, cit, p. 806. 

Roseubusch, ‘ Die Steigerschiefer,’ &c., p, 257. 

“ Ann. den MineSi 5*“® ser. xii p. 318. 

■* ‘Geologie Norwegeus,’ 1880, p, 75. For the literature of the Norwegian loeality tnui 
E. Reyer, JaJti'b. GeoL Eeidismst. xxx. (1880), p. 26. 

^ ‘Die Silurischen Etageu 2 uiid Sim ICrlstiania Oebiet,’ Krisliauia, 1H82. Uefereuce 
may be mode here to the excellent monograph by H. Biicikstriim on the crystalline rocks of 
Vestanii, Sciuiia, in Southern Sweden, JLmdl. K, i^eennk, Vdennk. Akad, x.\ix. (1807). 
He tliere describes the met morph ism of a series of quartzites and other sediineutary rocks, 
including certain dacite-tuflh. 

® TachermaEs MiWieiL xiii. (1893), p. 290. Round the syenite of Mtdssen in Saxony, 
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and liornfels ; tlie Kieselschioter into graphitic quartzite ; the limestones into marble 
and lime-silicate rocks with impregnation of iron-ores ; the diabases and diabase-tiifl's 
(schalsteins) into hornblendic rooks. The Devonian gi’eywacke has been, in like manner, 
turned into liornfels and knotted mica-schist, while the conglomerate, still retaining its 
recognisable quartz and quartzite pebbles, has had its gi’ound mass entirely altered 
•into a holocrystalline aggregate of quartz and biotite, together with muscovite and 
plagioclase. Some of the rocks oven assume a gneissoid character. 

One further Euro])eau o.vample ma}' be cited from the observations of E. E. Miiller, 
who has described round the granite of the Hounberg near Lehesten in the Erankfen- 
wald tlio occurrence of knotted schists, chiastolite-schists, knotted mica-schists, and 
antlalusitic mica-rocks.^ 

The same phenomena have been observed in many other parts of the world. One 
example from America may suffice to show how precisely the facts collected in the Old 
World are repeated iu the* Now. An elaborate examination was made of the eontact- 
metamorphism of the granite of Albany, Now Hampshire, by the late Mr. G. W. 
Hawes.'"* His analyses indicate a systematic and progressive series of changes in the 
schists as they approach the granite. The rocks are dehydrated, boric and silicic acids 
have been added to them, and there appears to have been also an infusion of alkali 
directly on the contact. Ho regarded the schists as having been impregnated by very 
hot vapours and solutions emanating from the granite. 

Diorite. — On the whole, it may be said that the breadth and intensity of contaot- 
metamoiq^hism decrease in proportion to the increase of basicity in the eniptive mass. 
Granitic and allied acid rocks present the broadest zones of alteration, and in these the 
transformations reach a maximum, while around rocks like basalt the metaiiiorphism is 
often, comparatively slight, and seldom extends many feet beyond the immediate neigh- 
bourhood of the intrusive mass. The complicated group of dioritos and other rocks 
described by G. H. Williams as the “Cortland” series of Peeksbill, New York, have 
been shown by J. D, Dana and by him to be accompanied by an interesting series of 
alterations of the surrounding schists and lifnestones. As the mica-schists are followed 
across the strike in the direction of the intrusive mass, they are observed to become more 
and more puckered, the intensity of the alteration increasing in proportion as the iiitrasive 
rocks are approached, but at tlie actual contact the original schistose structure almost 
wholly disapi)eai‘s and the rock becomes hard and massive, sometimes consisting of an 
almost colourless x)yroxeuo with some hornblende and quartz. The metamoiqdiism, as 
shown by the disappearance of the quartz and muscovite of the schists and the develop- 
ment of biotite, silliinanite, staurolitc, kyanite, and garnet, consists of an addition of 
alumina and iron and a corresponding decrease in the pro 2 >ortious of silica and tho 
alkalies. No fewer than eighteen minerals are enumerated as having been developed by 
contact-motamor])hisiii iu tho zone of alteration.** 

Diabase.— A classical region for the study of contact-motanioridusm is in the Harz. 
Besides the granite masses of the Brocken and Bamberg, around which tho Devonian 
and older Paliuozoio rocks are altered into various flinty slates and solusts, dykes and 
other masses of a crystalline diabase have been erupted through tho greyw*ackes and 
shales. These strata at tho contact and for a varying distance beyond, have been con- 
verted into hard siliceous bands (hornstone) and into various finely foliated masses 
(fleckschiefer, bandschiofer, coutactsohiefer, the spilosite and desmosite of Zincken), 


the diabases, when they come witliin the areole of centact-metamorpliism, pass into actiuolito- 
scliists and anthopliyllite-schists, K. Dalmar, Blatt 64 (Tauueberg) BdSLuter, ^jomoU^Kart, 
Saoham (1889) ; A. Sauer, op, cit. Blatt 48 (Meissen). 

^ Kmes JaHwli, 1882 (2), p. 206. 

“ Am&r, Joum. ikL xxi. (1881), p. 21. 

“ Dana, Am(yi\ Jmni, M, xxli. (1881), p. 814 ; G. H. Williams, op, cit, xxxvi. (1888), 
p. 264. 
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The limestones have their carbon dioxide replaced by silica in a broad zone of lime- 
silicate along the contact.^ The black compact limestone of Haaerode becomes a white 
saccharoid marble, charged with silicates (rhombic dodecahedrons of garnet, &c.) and 
with its carbonaceous matter segregated into abundant veins. A limestone band con- 
taining ironstone presents, in the Spitzenberg between Altonau and Harzburg, a garnet- 
iferous magnetite containing well-preserved crinoid stems.*-* 

Lherzolite and Ophite. — The limestones and calcareous shales of Liassic ago in the 
Pyrenees have been invaded by masses of lherzolite, and have in eonsetiuence undergone 
contact-metamorphism, passing into hornfels (corneenne), spotted mica-schists, and horn- 
blendic rocks that present a great external resemblance to the altered rocks found around 
granite. Their characteristic minerals, scapolite, biotite, tourmaline, pyroxenes, 
amphiboles, and felspars (anorthite to orthose) have been developed in them by 
metamorphism, their own original individualised minerals having been obliterated, 
except inicrocrystalliue calcite, and sometimes a little elastic quartz. Their colouring 
organic matter has been entirelj' removed from around the contact, but reappears some 
hundreds of metres away from it. Professor Lacroix in describing these phenomena 
points out that while the highly magnesian lherzolite has no alkalies, the metamorphosed 
sediments contain them in abundance as well as other elements, such as boron and 
titanium, which are likewise absent from the eruptive rock. He contends that although 
the altered strata have undoubtedly supplied a portion of the elements required for the 
development of the new minei'als, a large part of these elements has certainly been 
brought up from below in the form of emanations or fumaroles, having a composition 
quite different from that of the eruptive rock. Tlio action of those substances has been 
especially energetic along the contiict which was their lino of escape, and where the 
sedimentary rocks liave been entirely transformed into silicates.® 

Serpentine and Fonrehite (a rock composed ahnost entirely of granulai’ augite with 
a ground mass of Jiuei granules of the same mineral). (Jertain sandstones and radiolarian 
cheits ill Angel Ishuid, San Francisco, have been invaded by these basic rocks, and 
have undergone a rernarkablo metamorphnsm along their contact with them. In each" 
case they have been converted into holocrystallino amphibole - schists, in which the 
amphibole is the beautiful blue variety known as glaucoidiano. Both the sandstone and 
the cherts have undergone this transformation, which occurs with the same general 
characters along the contact witli each of the intrusive rocks. Fixmi the fact that the 
schist produced from the alteration of the sandstone presents no essential difference from 
that formed out of the chert, and also that no distinctive feature can ho detected betw’ceu 
the metamorjihism effected by the fourcliite from that duo to the serpentine, Mr. 
Bansome concludes that the unknown causes that have led to the development of the 
glaucophane and its accompanying minerals arc not confined to any single rock, but 
must be dependent upon the common propertie.s of at least two of tlicni, the clicrt and 
sandstone on the one side, and the serpentine and fourcliite on the other.'* He thinks 

* Zincken, Karsten. und 'c. Archw, v. p. 345 ; xix. p. 583. Fuchs, S, Jahrb, 

1862, pp. 769, 929. K. A. Lossen, iT. D, G, G. xix. p. 509 (on the Taunus) ; xxi. p. 291 ; 
xxiv. p. 701. Kayser, op. oit. xxiL p. 103. The memoirs of Lossen form some of the 
most important contributions to our knowledge of the phenomena of metamorphisin. 

*■* K. A. Lossen, S. D. G. G, xxix. 1877, p. 206. Jt^rlduter. Geol, HpcciaZ-JCart, Rreim. 
Blatt, Harzgerode (1882). 

® Nmm. ArcikvQ. MitaSim, Paris, scr. vL ; B^dl, Carte. Giul. France^ No. 42, vi. 1895. 

^ P. Leslie Eansome, “The Geology of Angel Island, Bull. Oeol. Univ. Cali/mmia, 
i. No. 7 (1894), p. 193. That these glauconite-schists are the result of oontact-meta- 
morphism has been also affirmed by Professor A. 0. Lawson in his sketch of the geology 
of the San Francisco peninsula {I5tlb Ami, Rej). XT.S, Geol, Sun\), More recently Mr. 
H. W. Turner has thrown doubt on the observations, but without any further explanation of 
them. Joum. Geol. vi. (1898), p. 490. 
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tliat possibly both the intrusive rocks may have come from the same original reservoir. 
If they were endowed with the same mineralising agents and possessed similar 
temperatures, 'we may suppose that they would exercise much the same kind and 
amount of metamorphic influence, and possibly the chemical composition of the sand- 
stone (whicli contains 70*50 per cent of silica) ma)’ not have been markedly different 
from that of the chert. 


S ii. Regional Metamorphism — the Crystalline Schists.^ 

From the phenomena of metamorphism round a central boss of 
eruptive rock, we now pass to the consideration of cases where the meta- 
morphism has affected wide areas without visible relation to eruptive 
matter. It is obvious, however, that in many regions eruptive rocks, 
though they do not appear at the surface, may lie at no greiib distance 
beneath it, and hence that what have been regarded as proofs of regional, 
may really be results of contact-metamori>hism. The difficulty of dis- 
crimination is lessened in proportion to the extent of the region in which 
no exposure of igneous rock makes its appearance. Under any circum- 
stances, only those examjDles are here admissible in evidence where there 
is distinct proof that what ai’e called metamorphic rocks either pass into 
masses which have not been metamorphoseil, or present characters ^vhich 
are pl•o^•ed to have been produced by the alteration either of stratified 
or of massive rocks, in other areas of too wide an extent to warrant the 
attribution of tlie alteration to the influence of any igneous rock. In 
the study of this difficult but profoundly interesting geological problem, 

• it is desirable to begin with the examina,tion of rocks in which only the 
slightest traces of alteration are discernible, and to follow the gradually 
increasing metamorphism, until we arrive at the most perfectly developed 
crystalline cotidilion. It is the earliest stages which are of most im- 
portance, for it is there that the nature and proofs of the changes can 
best be estfiblished. As already remarked (p. 766), the igneous rocks, 

1 Out of the copious literature <levotecl to this subject it may be .sufficient to cite here 
chiefly some of the earlier writiugs, iu addition to others of later date, which will bo referred 
to iu the following pjiges : T)elos.se, MM. Saixius Mremgers, xvii. Paris, 1862, pp. 127-222; 
Ann. dcs Minas, -\li. (1S57) ; .\iii. (1858) ; * Etudes siir le Mctamorphisino des Roches,’ Paris, 
1869 ; Durocher, “Etudes sur le Mctamorphisiiie des Roches,” B. K </. F. (2), iii. (1846) ; 
Daubreo, tics Mines, 5"“^ scrie, xvi. p. 155 ; Bischof, ‘Chemical Geology/ cliap. xlviii. ; 
J. Roth, “Ueberdie Lehre von Metainorphismus,” AhhcmdhnigeTi Akad. Berlin, 1871, pp. 
151-232; 1880; Gtimbel, * Oestbayerische Greiizgebirge,* 1868; H. Credner, Zeitsch. 
Gemmmt. NatnrwMs. xxxii. (1868), p. 358 ; N. Jahrh. 1870, p. 970 ; A. Inostvanzeff, ‘Studien 
iibev motaiuorphosirto Gesteine,’ Leipzig, 1879 ; A. Heim, ‘ Untersuchungen iiber den 
Mechanisnius dcr QebirgsbihUing,* 1878 ; A. Rothpletz, Z. IK G. O, xxxi. (1879), p. 374 ; 
H. Reuscli, ‘Die fossilien-fUlirendeii krystal-linischen Sohiwfer von Bergen,’ German 
translation by Baldauf, 1883, Neim Jahrb. (Beilogobund), 1887, p. 56 ; ‘BonimelOen og 
Karmoeu,’ 1888 ; Rq). Geol. Congress, Londmi, 1891, p. 192: Lehmann, ‘Untersuchungen 
iiber die Eutstolmng <ler altkrj’stalliuischeu Schiefer,' 1884 ; J. J. H. TeaJl, Oeol. Mag. 1886, 
p. 481 ; G. H. WilUaniH, Bull. U.K a. H. No. 62 (1890), The papers on the Crj^stallme 
Schists by Heim, Lory, Lehnianii, Michel-Li*vy, Lawson, and the U.S. Geol, Survey in the 
report of the London Session of the International Geological Congress (published in 1891) 
should be consulted. 
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from the definiteness of their original structure and composition, offer 
special facilities for following the nature and extent oF the changes 
involved in the metamorphism of a region or of a large series of rocks. 

As in the case of contact-alteration, the extent and character of regional 
metamorphism depend in the first place upon the original constitution of 
the rock acted upon, and in the second place upon the energy of the 
metamorphic processes. Certain rocks resist alteration. Pure siliceous 
sandstones, for example, become quartzites, but generally advance no further, 
though occasionally, under intense strain, their particles are drawn out 
into a somewhat schistose arrangement. But where felspathic elements 
are present, particularly where they are the chief constituents, some form 
of mica almost invariably appears, while other new minerals and structures 
may be developed in progressively increasing abundance. These changes 
generally culminate in the production of some form of crystalline schist. 

The most distinctive character of Schists is undoubtedly their foliation 
(p. 244, and Pig. 34). They have usually a more or less conspicuously 
crystalline structure, though occasionally this is associated with traces, or 
even very prominent manifestations, of original clastic ingredients. Their 
foliated or schistose structure varies from the massive or granitic type of 
the coarsest gneiss down to the extremely delicate arrangement of the 
finest talcose or micaceous schist. They occur sometimes in monotonous 
uniformity ; one rock, such as gneiss or mica-schist, covering vast areas. 
In other places, they consist of rapid alternations of various foliated masses 
— gneiss, mica-schist, clay-slate, actinolite-schist, and many other species 
and varieties. Lenticular seams of crystalline limestone or marble and 
dolomite, usually with some of the minerals mentioned on p. 192, some- 
times strongly graphitic, not unfrequently occur among them, especially 
where they contain bands of serpentine or other magnesian silicates. 
Thick irregular zones of magnetite, haematite, and aggregates of liorn- 
blendic, pyroxenic, or chrysolitic minerals likewise make their appear- 
ance along the folia of the gneisses. 

Another conspicuous feature of Schists is their usual intense crumpling 
and plication. The thin folia of their different component minerals are 
intricately and minutely puckered (Figs. 35, 36). Thicker bands may be 
traced in violent plication along the face of exposed crags. So intense 
indeed have been the internal movements of these masses, that the geo- 
logist experiences great and often insurmountable difficulties in trying to 
make out their order of succession and their thickness, more especially as 
he cannot rely on the banding of the rocks as always or even generally 
an indication of consecutive deposition. Such evidence of disturbance, 
though usually strongly marked, is not everywhere equally so. Some 
areas have been more intensely crumpled and plicated, and where this is 
the case the rocks usually present their nrost conspicuously crystalline 
structure, ' 

A further eminently characteristic feature of Schists is their common 
association with bosses and veins or bed-like sheets of granite, syenite, 
quartz-porphyry, diorite, epidiorite, gabbro, diabase, or other massive 
rocks. In some regions, indeed, so abundant are the granitic and 
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pegmatitic masses and so coarsely crystalline or granitoid are the schists, 
that it becomes impossible to draw satisfactory boundary-lines between the 
two kinds of rock, and the conviction arises that in some cases they may 
represent difterent conditions of the same original material, while in others 
they may be due to granitisation (pp. 728, 781). 

The term “ Crystalline Schists has been generally applied to rocks 
possessing these characters, and more especially to those examples of them 
which iiiiclorlic the oldest stratified formations. Some account of these 
ancient schists will be given in Book VL Part I. At present we are con- . 
cerned 'with the evidence which can be produced that crystalline schists 
are in some areas the result of a widespread metamorphism of rocks which 
were not originally schists, and which might not even be crystalline. In the 
investigation of the problem now to be considered it is especially desirable 
to study examples where a crystalline and foliated structure has been 
superinduced upon ordinary sedimentary strata without the visible inter- 
vention of any eruptive rock, or where a massive eruptive rock passes by 
degrees into a true schist ; in short where the steps in the gradation 
between the unaltered and altered conditions can be clearly traced. In 
recent years so much attention has been given to these transformations 
that our knowledge of metamorphic processes has been greatly extended, 
and the problem of regional metamorphism, though by no means entirely 
solved, is at least much more clearly understood than it has ever been 
before. 

There is now a general agreement among geologists that a funda- 
, mental condition for the production of extensive mineralogical alteration 
of rocks has been disturbance of the terrestnal crust, involving the intense 
compression, crushing, fracturing, and stretching of masses of rock. 
Compression, as we have seen, may give rise to slaty cleavage (p. 417). 
But it has often been accompanied or followed by further internal trans- 
formations in the rocks. Chemical reactions have been set up and 
new minerals have been formed. The effects of pressure and of move- 
ment under great strain in quickening chemical activity are now clearly 
recognised. Not only have the original minerals been driven to re- 
arrange themselves with their long axes perpendicular to the direction of 
the pressure, but secondary minerals with well-marked cleavage have been 
developed along the same linos, and thus a distinctly foliated structure has 
been induced in what were originally amorphous rocks. 

Still more marked are the changes that have resulted where the 
shearing movements have given way to actual rupture, and where the 
rocks have been crushed, faulted, and stretched. The extraordinaiy 
manner in which the crust of the earth has been fmctured in some areas 
of regional metamorphism has been worked out in great detail by the 
Geological Survey in the north-west of Scotland.^ We there perceive 
how slice after slice of solid rock has been pushed forward, one over the 
other, how those accumulated slices htive been driven over others of 
similar kind, how this structure has been repeated again and again, not 
only on a great scale involving mountain-masses in the movement, but 
1 Q. J, a. xliv. (1888), .p. 378. 
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even on so minute a scale that the ruptures and puckerings cannot be 
seen ’^rithout a microscope (pp. 792, 886). 

Such dynamical movements could not but be accompanied with wide- 
spread and very marked chemical rearrangements. Along the margins 
of faults or planes of movement where shearing has been succeeded by 
rupture, the rocks have been ground against each other; the crushed 
material has assumed a foliated structure, in which the folia are parallel 
to the planes of movement. This foliated selvage, with its new mineral 
^ combinations, gradually passes into the amorphous or less crushed rock on 
either side. In such places, sericite, biotite, chlorite, or some other 
secondary product with its cleavage-planes ranged in one common direction, 
shows the line of movement and the reality of the chemical recombinations. 
In the body of a mass of rock, also, subject to great strain, relief has 
been obtained by rupture and crushing along certain planes, with a 
consequent greater development of the secondary minerals along tliese 
planes, and the production of a banded or schistose structure in a rock 
that may have been originally quite homogeneous^ (Figs. 266 and 367). 

The recognition of the powerful part taken by mechanical deformation 
in producing the characteristic structures of many schistose rocks has 
not unnaturally led to some exaggeration on the part of geologists, who 
were thus provided with what appeared to be a solution of difficulties 
which at one time seemed insuperable. There can hardly be any doubt 
that the theory of mechanical deformation has been too freely used and 
has been applied to structures to which it cannot properly be assigned. 
Among the coarser gneisses, for example, the segregation of widely 
distinct minerals, such as quartz, felspar, hornblende, pyroxene, magnetite, 
&c.^ in more or less parallel lenticular bands is a structure that seems to 
find its nearest analogy in the banding of eruptive masses of gabbro and 
other rocks already described (p. 711), where the alternations of different 
material are obviously original and have arisen from the simultaneous 
intrusion of heterogeneous materials. The effect of subsequent mechanical 
deformation and crystalline rearrangement may sometimes have partially 
or wholly obliterated this first banding by a later foliation (Figs. 362, 368). 

But while this tendency to a too liberal use of dynamical causes in 
explication of all the structures of the crystalline schists must be admitted, 
we are now furnished with ample evidence of the efficacy of mechanical 
movements in the production of regional metamorphism. As has been 
above (p. 681) pointed out, it is frequently possible to detect portions of 
the original structures, to show that they belonged to certain familiar 
and definite types of sedimentary or eruptive rocks, and to trace every 
stage of transition from them into the most perfectly developed crystalline 
schist. In the crushing down of large masses of rock during poweiful 
terrestrial movements, lenticular cores of the rocks have frequently escaped 
entire destruction. Round these cores the pulverised material of the 
rest of the rock has been made to flow, somewhat like the flow-structure 
round the porphyritic crystals of a cooling lava (compare Figs. 18 and 265). 
Successive gradations may be followed until the cores, becoming smaller 
1 G. H. Wniiams, 5. U.K <L S. No. 62 (1890), pp. 202-207. 
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bv degrees, pass finally into the general reconstructed material. That 
this structure is not original, but has been superinduced upon the rocks 
after their solidification, can thus be abundantly demonstrated. Among 
the sedimentary formations the elongation and flattening of the pebbles 
in conglomerates, and the transition from grits or greywackes into foliated 
masses, prove the structure to have been superinduced (Figs. 265, 267). 
Among eruptive rocks the crushing dow of the original minerals, and 
their transformation into others characteristic of foliated rocks, afford 
similar proof. 

So great has been the pressure exerted by gigantic earth-movements 
upon the rocks of the crust that even the most solid and massive 
materials have been sheared, and their component minerals have been 
made to move upon each other, giving a fiow-sti'ucture like that 
artificially jjroduced in metals and other solid bodies (pp. 419, 681). 
But it may be doubted whether this motion is ever strictly molecular 
without rupture of the constituent minerals. Microscopic examination 
shows that, at least as a general rule, the minerals in the most thoroughly 
bent and crushed rocks have been broken down. It is observable that 
under the effects of mechanical strain the minerals first undergo 
lamellation, twinning being developed along certain planes. This 
structure increases in distinctness with the intensity of the strain so long 
as the mineral (such as felspar) retains its cohesion, but its limit of endur- 
ance is eventually reached, beyond which it will crack and separate into 
fragments, which, if the movement is arrested at this stage, may be 
cemented together by some secondary crystallization of the same or 
another mineral filling up the interspaces. But should the pressure 
increase, the inineiul may be so wholly pulverised as to assume a finely 
granular (mylonitic) structure or a mosaic of interlocking grains, which 
under the influence of continual shearing may develop a streaky aminge- 
ment, as in flow-structure and foliation.^ 

One of the most important effects of this mechanical doforaiation 
and trituration has been the great stimulus thereby given to chemical 
reactions. These were effected under gigantic pressures, at more or less 
elevated temperatures and in the presence of at least such water as may 
have been interstitially contiiinod in the rocks. So constant and so great 
have they been, and so completely in many cases have the ingredients of 
the rocks been recrystallized in fresh combinations, that the new structures 
thus produced have been apt to mask the proof of the mechanical deforma- 
tions that preceded or accompanied them. It is in the main to the light 
thrown on the subject by the microscopical investigation of the minute 
stnictures of the metamorphosed masses that we are indebted for the 
recognition of the important part played by pressure and stretching in 
the production of the more essential and characteristic features of 
metamorphic rocks. Many chemical rearrangements may undoubtedly 
take place apart from any such dynamical stresses, but none of these 
stresses appear to have affected the metamorphic rocks without being 
accompanied by chemical and miueralogical readjustments. 

^ Lehmann, op. cit. pp. 246, 249 ; G. H. Williams, II <S'. No. 62, p. 47. 
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The mineral transformations observable in regional metamorphism 
“may consist (1) in the breaking up of one molecule into two or more 
with but little replacement of substance, as in the formation of saussurite 
from labradorite ; (2) in a reaction between two contiguous minerals, 
each supplying a part of the substance necessary to form a new' 
compound of intermediate composition, more stable for the then existing 
conditions than either, as in the formation of a hornblende zone between 
crystals of olivine or hypersthene and plagioclase ; or (3) in more 
complicated and less easily understood chemical reactions, like the 
formation of garnet or mica from materials w’^hich have been brought 
together from a distance, and under circumstances of which it is at present 
impossible to state anything with certainty.” ^ The following transforma- 
tions especially deserve attention. 

Micasisatmi — the production of mica as a secondary mineral from felspars or other 
ori^nal constituents. One of the most common forms of this change is where the silky 
unctuous sericUe has been developed from oithoclase (sericitization). The formation of 
mica is one of the most common results of the mechanical deformation of rocks, and is 
most conspicuous where the pressure or stretching has been most intense. Massive 
orthoclase rocks, such as gi*anite, quartz-porphyry or felsito, when most severely crushed, 
pass into sericite schist ; felspathic grits and slates may bo similarly changed.'^ 

Uralitisatim — the conversion of pyroxene into compact or fibrous hornblende. 
This change may not be a mere case of paramorphism or molecular rean‘angement, but 
seems generally to involve a certain amount of chemical transformation, such as the 
suixender of part of the lime of the pyroxene towards the formation of such combinations 
as epidote,® and the higher oxidation of the iron.** It has taken place on the most 
extensive scale among the crystalline schists. Kocks which can be shown to have been 
oiiginally eruptive, such as diabases, have been converted into epidioritc, and Avhero the 
deformation has advanced further, into hornblende-schist or actinolite-schist. 

^idotUatim — the production of epidote in a rook from reactions behveen two or 
more minerals, especially hkween pyroxene or hornblende and plagioclase. In some 
cases diabases have been converted into aggi’egates of epidote and quartz or 
calcite, epidosite, epidote-scliist (p. 253).® 

Saitssuriiisation — the alteration of plagioclase into an aggregate of needles, prisms, 
or grains (eliiefty zoisite), imbedded in a glass-like matrix (albite), by an exchange of 
silica and alkali for lime, iron, and water. This change has largely afiected the felspar 
of coarse gabbros or eupliotides, in districts of regional motamorphism.® 

AlbUisation — a process in wdiich, while the lime of the plagioclase is removed or 
crystallizes as calcite, instead of fonuing a lime-silicate like epidote or zoisite, the rest 
of the original mineral recrystallizes as a finely granular aggregate or mosaic of clear 

^ G. H. Williams, Bull, U,B, G, 3. No. 62 (1890), p. 50. This admirable essay, with its 
copious bibliography, will well repay the careful perusal of the student. I am indebted to it 
for the abstract of metamorphic processes above given. Tlie student may usefully consult 
the suggestive essay of Mr. 0. R. Van Hise on the metamorphism of sedimentary and igneous 
rooks, with especial reference to the pre-Cambrian series of North America, 16/A J 7 in. Jiej), 
(r.S, G. 3. (1896), pp. 683, 715, 

® See especiallj' Lehman’s ‘ Untersuchuiigen liber die Entstehuiig der altkrystalllnischen 
Schiefergesteine,’ where the development of sericite as a result of mechanical deformation is 
well enforced. 3 l^senbusch, ‘Mikrosk. Pliys.* 2nd edition (1887), p. 185. 

J. J. H. Teall, Q, J, 3. xli (1885), p. 137. 

® A. Schenck, ‘ Die Diabase der oberen Ruhrthals,’ 1884, 

® Hagge, *Mikroskopische Uutersuchungen fiber Gabbro,’ &c. Kiel, 1871, p. 51. 
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grains of alLite. Examples of this change may be found in association with the 
development of saussurite. ^ 

Ohloi'itisation — an alteration in which the pyroxene (or hornblende) of the so-called 
“ gi’eenstones ” has been changed into secondary substances (1) more or less fibrous in 
structure allied to serpentine, not pleochroic but showing a decided action on polarised 
light ; or (2) scaly, pleochroic, polarising so weakly as to appear isotropic, and more or 
less resembling chlorite. This alteration is rather the result of weathering than of 
metamori)hism in the strict sense.- Where chloritization and epidotixation have 
proceeded simultaneously in aluminous pyroxene or hornblende, the result is an aggregate 
of sharply defined pale yellow crystals of epidoto in a gi'een scaly mass of chlorite,^ 

Serpentinisaiion — an alteration more especially noticeable among the more highl}’' 
basic igneous rock in which olivine lias been a prominent constituent. The gi’adual 
conversion of olivine into serpentine has been already described (Fig. 32), and tlio 
occurrence of massive and schi.stose serpentine has been referred to (pp. 241, 248, 268). 

Alteratmis of Titanic Iron. — The ilmenite or titaniferous magnetite of diabases and 
other eruptive rocks undergoes alteration along its margins and cracks into a dull 
gi’ey substance (leucoxeiie, p, 97), which is a form of titanite or sphene. The grey rim 
frequently passes into well-defined aggi’egates and ciystals of sphene.^ 

jRannarosiSt or the alteration of an ordinary dull limestone into a crystalline - 
gi-anular marble (p. 772) may be again referred to here as one of the characteristic 
transformations in regional metamoi*p}iism. 

Dolomitisation. — The conversion of limestone into dolomite has been already refeiTed 
to as taking place at ]n*esent at ordinary temperatures in shallow oceanic waters and salt- 
lakes (pp. 426, 530). As illustrations of this change reference may be made to the upraised 
Tertiary and other limestones of Christmas Island in the Indian Ocean, which have had 
their organisms almost completely obliterated in consequence of ' dolomitisation, the 
rocks having reciystallised.® It may be difficult or impossible to decide whether the 
extensive conversion of original limestone into dolomite in tracts of regional metamor- 
phisin is to be regarded os the result of some similar early operation in sen-water, or as 
due to some more deep-seated and later transformation. The marmarosis of dolomites 
must be distinguished from their onginal texture. 

Ch'anitv^aiimi. See pp. 728, 781. 

Productim of Now Minerals, — Tracts of regional motamoi-phism are characterised by 
the abundant appearance of new minerals, which in many cases are the same as those 
found* in zones of contact-metamorphisra, but reach a much greater development. All 
the distinctive minerals of the crystalline schists are examples of this roorystallization 
—quartz, orthoclaso, microline, oligoclase, and other felsiiai’s, muscovite, biotite, 
hornblende, pyroxene, ganiet, cordierite, sillimanite, audalusite, epidote, apatite, zircon, 
rutile, iron-ores, gi’aphite, and many more, lii the coarser gneisses some of these 
minerals attain large dimensions, especially among the pegmatitic veins, plates of mica 
and crystals of hornblende sometimes exceeding a foot in length. 

It has been remarked also that not only is there a close similarity in the range of 
now minerals produced in regional and in contact-nietamorphism, hut the order in 
which they follow each other through inci'easing phases of alteration appears to be 
broadly alike in both cases. This similarity is especially conspicuous in the earlier 
stages. In more advanced alteration the rean’angemonts and rccrystallizations are 
carried out on a much gi*eater scale in regional metamori>hism. After iSirkel had shown 

^ Lossen, Mhrb, Oeol, Landesanst 1883, p. 640 ; 1884, pp. 525-630. Duparc 

et Pearce, Cowpt, rewL 8th Jau. 1900. 

® Roseubusch, * MikroHkopischo Physiographie,’ pp. 180-184, 

« G. H. Williams, RtUl. U,S. G, S. No. 62, p. 66. • 

A Oatbreiu, Zeitsch, Kryst, U)id Minsfi'cU. vi. (1 882), p. 244. 

® Andrews, ‘ Christmas Iriaud,* p. 271. 
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in 1871 that in some of tlie clay-slates of disturhcd Silurian and Devonian formations 
microscopic acicular microlites had been developed, considerable diversity of opinion 
arose as to their nature and origin. They were variously regarded as rndiinontary 
crystallizations of hornblende, rutile, eindote or other mineral. E. Kalkowsky carefully 
isolated, extracted, and anal 3 ’sed them from a number of slates and regarded them as 
ataurolite, constituting from two to live per cent of the rock.^ The whet-slate of 
Belgium was found by Reiiard to be characterised by the presence of abundant garnets. 
Microscopic tourmaline has likewise been detected among clay-slates, but probably the 
most generally diffused mineral among these microlites is rutile. The rocks in which 
these microlites occur can hardly be classed as nietainorphic, and yet the presence in 
them of microscopic microlites and crystals shows that they have undergone some of the 
initiatory stages of nietainorphism, by the development of new minerals. All that is 
known of the probable origin of these minerals, negatives the supposition that tliey 
could have been formed in the original sediment of the sea-bottom on which the organisms 
entombed in the deposits lived and died. For their production, a temperature and a 
chemical composition of the water w’ould seem to liavc been required, such as must 
have been inimical to the co-existence in the same water of such highly organised forms 
of life as brachiopods and trilohites. 

Besides the appearance of the microlites, one of the most marked of the early stages 
of regional motamorphism is characterised by the appearance of line scales of some 
micaceous mineral (muscovite, hiotite, &c.). As these micaceous constituents increase in 
number and size, they impai-t a silky lustrous aspect to the surfaces ou which they lie 
parallel. In many cases, these surfaces are probably those of original deposit, but where 
rocks have been cleaved or sheared, the mica ranges itself along the planes of cleavage 
or shearing. The Cambrian tufts of South VValen, of which the bedding still remains 
quite distinct, present interesting examples of the develojunent of a mica along the 
lamium of deposit.**^ The Dingle bods of Cork and Kerry, on the other hand, have been 
subjected to cleavage, and the mica appears along the cleavage })lanes, which have a 
lustrous surface. The Torridoiiiau and Cambrian sandstones, (juartzites and shales of 
north-west Scotland show a development of mica along tlie surfaces of the sheariiit^- 
plaues. 

A few illustrative examples of regional metamoiphism, culled from 
different quarters of the globe, and various geological formations, may 
here be given. The subject is further discussed in Book VI. Part I. 

Scottish Highlands.— This region, consisting mainly of crystalline schists, 
sti’etohes through four degrees of latitude and four and a half of longitude, and thus 
covei-s an area of not less than 16,000 square miles. As, however, these rocks sink 
beneath later formations, and are prolonged into Ireland, them total area must bo still 
more extensive. Probably no other tract of similar size and geological structure 1ms 
been worked out in such detail and traced upon maps on so large a scale. It was the 
first Urge area of schistose rocks where the di.slocatioii8 and other movements connected 
with regional motamorphism wore followed out into their smallest ]n'oi>ortions, and where 
the tectonic structure of such au area was fully xinravellod. It may therefore serve as a 
typical region for the study and explanation of the phenomena of raetamorpliism, in so 
far as these have been attendant ou the defonuatiou and rupture of the teirestrial crust. 
But it possesses a fui-thor advantage, inasmuch as it displays many eruptive rocks 
which have been intruded since the general foliation, and which Imve produced a 

^ Jtilivb. (18/9), p. 382. These bodies are to bo distinguished front the minute 
crystals of heavy, durable minerals (zircon, rutile, &c.), so common as clastic grains in 
sediments which, representing the detritus of older cry.stalliue rocks, may often have played 
a part iu the sedimentation of more than one geological i)eriod (pp. .163, 179). 

^ Q, J. G. S. xxxix. (1883), p. 310. 
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inarkerl contact-metamorpliisiii of the schists already nietamoii^hosed by the earlier 
movements. 

Ill beginning the study of this complicated but profoundly instructive tenitory, the 
student will find that in the north-w^esteni 
counties of Sutherland and Ross he can 
reach a tract that lay beyond the reach of 
the intense disturbances which prevailed 
farther to the east and south. He can 
there readily see, in a series of magnificent 
natural sections, the veiy oldest undis- 
turbed rocks in Western Europe followed 
in consecutive order by those of later date, 
each in its normal jiosition. He is thus 
2 mt ill ])ossession of the order in which 
the formations were laid down, of their 
unchanged mineral characters, of their 
unconfomabilities and other relations, and 
he obtains the key which will enable him 
to follow the intricate comjdications of the 
ground lying to the oast. The various rocks 
here referred to will be described in their 
j>roper places in later 2 )arts of this volume 
(Book A^’I. Part 1. § ii., Part II. Sect. i. {§ 2). 

For the present we are only concerned with 
their broad characters and their sequence. 

At the base of the whole inle of ancient 
fomations lies a remarkably coarse crystal- 
,line gneiss (Lewisian, 1 in Fig. 844), with 
abundant pegmatite veins, and several 
systems of dykes. It is unconfonnably 
overlain by nearly Hat brownish - red 
(Tomdonian) sandstones, conglomerates 
and breccias (2), which in turn are sur- 
mounted unconfonnably by inclined beds 
of quartzite (3, 4), shales (5), calcareous 
grit (6), limestones and dolomites (7), the 
geological age of which is fixed by the 
occurrence of recognisable fossils in them. 

The quartzite i.s full of annelidc-buiTOWs ; 
the shales contain OUndkis — the distinc- 
tive trilobite of the lowest Cumbrian rocks ; 
the limestone has yielded Machirea, Mur- 
clmonia^ Ophikta^ Plc.nrotomaHa^ Orthis, 

OrtlmcruSi PiluccraSf and many more 
forms, indicating Cambrian and ))OSHibly 
the very lowest Silurian horizons. The 
strata are generally crowded with carbona- 
ceous worm-casts (the so-called ‘ ‘ fucoids ”), 

Along their wostera margin, those rocks 
are so little altered that they do not in 
any w’ay deserve the name of metamorphic. 

Eastwards, however, they pass under various schists and gneisses (H, 9, 10), which form 
a vast overlying, thoroughly crystalline series.. 
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Already before tlio deposition of the Torridonian conglomerates and sandstones the 
Lewisian gneiss had undergone much deformation at successive periods of disturbance. 
During some of these movements its dykes suffered remarkable changes, being squeezed 
into a mere fraction of their breadth and sheared into various kinds of schist. It was 
from one of these dykes that, as far back as 1885, Mr. Teall demonstrated the production 
of honiblende-schist by the crushing down and recrystallization of dolerite.^ All these* 
examples of dyiiarao-metamorphism had ended long before the time of the Torridonian 
strata, which lie with an abrupt unconformability on the contorted gneiss and its network 
of dykes. The long period of quiet sedimentation represented by the thick Tomdon 
sandstones was followed by an interval marked by another unconfomiability, and there- 
after by the prolonged time required for the accumulation of the fossiliferous Cambrian 
strata. It was at some subsequent epoch that the earth-stresses manifested their effects 
anew in this region, and produced the regional metamorphism now to be descnbed. 

It was believed by Macculloch and Hay Cunningham that the fossiliferous quartzites 
of the north-west of Scotland truly underlie and are older than the eastern gneiss, which 
in many clear natural sections can be seen to repose conformably upon them. This 
natural view was adopted and worked out in some detail by Muiehison, who extended his 
generalisation over the whole area of the Highlands, which he regarded as composed 
essentially of metamoiq)hosed Silurian rocks (see p. 892). Other geologists supported 
Murchison, whose opinions met with general acceptance. Kicol subsequently contended 
that the overlying or “newer gneiss” is merely the old gneiss brought up by faulting. 
Later writers, particularly Professor Lapworth, Dr. Callaway, and Dr. Hicks, advanced 
somewhat similar opinious ; but the difficulty remained of explaining how, if the 
“newer gneiss” is really older than the fossiliferous strata, it should overlie them so 
conformably as to have deceived so many observers. The problem was subsequently 
attacked independently by Professor Lapworth and by the Geological Survey, especially 
by Messrs B. N. Peach, J. Horne, W, Gunn, C. T. Clough, L. Hinxman, and H. M. 
Oadell, and has now been solved.® I fully shared Murchison’s belief in a continuousi 
upward succession from the fossiliferous Lower Silurian strata into the overlying schists, 
hut the subsequent detailed investigation of the ground convinced me that this belief 
could no longer be entertained. 

Ti*acing the unaltered Cambrian strata eastwards from where they lie in their nonnal 
position upon the Torridon Sandstone and old gneiss below, we find them begin to 
undergo curvature. They are thrown into N.N.E. and S.S.W. anticlinal and synclinal 
folds which become increasingly steeper on their western fronts until they are disiupted, 
and the eastern limb of a fold is pushed over the western. By a system of reversed 
faults (t t in Fig. 344), a single group of strata is made to cover a great breadth of 
ground and actually to overlie higher members of the same series. The most extra- 
ordinary dislocations, however, are the Thimst-planes. These have so low a hade that 
the roclcs on their upthrow side have been, as it were, pushed horizontally westwards, 
in some places for a distance of at least ten miles. But for the evidence of the clear 
coast-sections, these thrust-planes could hardly bo distinguished from onliiiary strati- 
fication-planes, like which they have been ifiicated, faulted, and denuded (dotted lines 
in the Fig.). Here and tliere an outlier of horizontally displaced Lewisiun gneiss may 
be seen capping a hill of quartzite and limestone like an ordinary overlying formation. 

The general trend of all the foldings and ruptures is N.N.E. and S.S.W., and as the 
steeper fronts of the folds face the west, the direction of movement has obviously been 
from the opposite quarter. That there has been an enormous thrust from the eastwards, 
is further shown by a series of remarkable internal roarmngements that have been 

^ “The Metamorphosis of Dolerite into Hombleude-sohist,” Q, O, xli. (1885), 
p. 133. 

® The literature of this disputed question is fully given in the Report of the Geological 
Survey, Q, J. G. JS, xliv. (1888), pp. 379-387. 
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superinduced upon the rocks. Every mass of rock, irrespective of lithological character 
and structure, is traversed by striated surfaces, which lie approximately pamllel with 
those of the thrust-planes, and are covered with a tine parallel lineation running in a 
AV.K.W. and E.S.E. direction. Along many zones near the thrust-planes, and for a 
long way above them, the most perfect shear-structure has been developed (Fig. 345). 

‘Thus here and there, where the un conformable junction between the gneiss and the 
conglomerate has come into one of the great lines of crushing, it has been rolled out, 
and the old structures of both rocks have been effaced. The gneiss has acquired a new 
foliation parallel to the shear-planes, and the conglomerate, with its pebbles turned 
round in the same direction, has had its paste converted into a schist, the foliation of 
which is parallel to that superinduced in the gneiss (Fig. 267). The coarse pegmatites in 
the gneiss have had their pink felspar and milky quartz crushed and drawn out into fine 
parallel laminre, till they assume the aspect of a rhyolite in which fluxion-structure 

a < 


d 


d 

Fig. 340.— -Diagram of alt('ro<l Torridou Handstonc, Coiniie-uiliuall, Assyut. 

<r, Coai'Kt! grit or arkosc ; 0, iiuor <lo. ; (% shale ; d, pegiimtitic material developed as a coiiKeipiuucc of 
the cniahing of tlio rocks by movement in the direction of the arrow. 

has been exceptionally well developed. Hornblende-rock passes into hornblende-schist. 
Sandstones, quartzites, and shales become finely micaceous schists. The aimclido-tubos 
in the quaiiaite are fiattcuod and drawn out into ribbands. Now minerals, especially 
mica, and even aggi’egates of pegmatite (Fig. 845), have been abundantly developed 
along the superinduced divisional idanos, and, in many cases, their longer axes are 
ranged in the same dominant direction from E.S.E. to W.N.W. 

The whole of these rooks have undergone such intense .shearing during their west- 
ward displacement that their original characters have in many cases been oblitci*ated. 
Among them, however, can be recognised bands of gneiss which undoubtedly belong 
to the underlying Lewisian series. With these are intercalated lenticular strips of 
Cambrian quartzite and limestone. In some areas the Torridon sandstone has been 
heaped on itself, sheared and driven westward in large slices, the sandstones passing 
into sericitic schists and the conglomerates, as above remarked, having their pebbles 
flattened and elongtited, while the matrix has become full of secondary mica. Some of 
the slices of rock thus disrupted and thrust westwards for distances of many miles are of 
gigantic size. Thus in the west of Inverness-shire those of moved Lewisian gneiss have 
been mapped by Mr. Peach over areas of more than 60 square miles without their limits 
being reached.'' Eastwards, above one of the most marked and persistent thrust-planes, 

1 Smmimy of Progreas of Oeol, Snn\ for 1898, p. 7. 
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the in-e vailing rock is a flaggy fissile micaceous granulitic gneiss or gneissose flagstone 
(“Moine-schist,” ]). 892). All these rocks have a general dip and strike parallel with 
those of the Cambrian sti’ata on which they now rest, and in this respect, as well as in 
their prevailing lithological characters, they present the most striking contrast to the 
rocks that iiiieonforniably underlie the quartzites a little to the west. Whatever may 
have been their age and original condition, they have ceriainly acquired their present* 
stmcture since Cambrian times. 

From the remarkably constant relation between the dip of the Cambrian strata and 
the inclination of the reversed faults which traverse them, no matter into what various 
positions the two structures may have been thrown, it is tolerably clear that these dis- 
locations took place before the strata had been seriously disturbed. The persistent 
parallelism of the faults, folds, and prevailing strike indicates that the faulting and 
tilting were parts of one continuous process. The same dominant north-easterly trend 
governs the structure of the whole Highlands, and reappeam over the Silurian tracts 
of the south of Scotland and north of England. If, as is probable, it is the result of one 
great series of terrestrial movements, these must have occurred between the middle or 
close of the Cambrian period and that portion of the Old Red Sandstone period re- 
presented by the breccias and conglomerates of the Highlands. When the rocks were 
undergoing this metamorphisni, there lay to the north-west a solid ridge of old gneiss 
and Ton’idon sandstone which offered strong resistance to plication (A in Fig. 344). 
The thnist from the eastward against this ridge must have been of the most gigantic 
kind, for huge slices, hundreds of feet in thickness, were shorn off from the quartzites, 
limestones, red sandstones, and gneiss, and were pushed for miles to the westward. 
During this process, all the rocks driven forw'ard by it had their original structure 
more or less completely effaced. New pianos, generally parallel with the surfaces of 
movement developed in them, and along these new planes a rearrangement and 
reorystallization of mineral constituents took place, resulting in the production of 
eiystalline schists. 

East of the line of Great (ilen which ents Scotland in two, eiystalline schists form the 
eastera, centml, and southern Highlands (Dalradiaii, p. 893). Though their order of 
succession cannot always he made out, they consist mainly of what were at one time 
sedimentary strata, with intercalated hands of i^pieous rocks which have likewise been 
foliated. The amount of metamorphisni which they have undergone varies considerably 
from one part of the region to another. In the district of Loch Awe the shales, 
phyllites, grits, and limestones are hardly more altered than the fossiliferous Silurian 
formations of the south of Scotland,^ and it is not too much to hope that they may yet 
yield organic i*emains. From this tract of raininmm nietamorphism we pass outwards 
through increasing phases of alteration until not far to the north-east the same strata 
became thoroughly crystalline schists. The stages which culminate in this traiisfonna- 
tion have been studied in the ground to the south -oiiHt, where the original sedimentary 
strata are found to have undergone a remarkable series of repeated movements. 
After having been thrown into folds and having undergone cleavage, thus receiving 
a first system of deformation, they uftenvards suffered more than one repetition of the 
treatment. They consequently 2 >i*esent secondary, tertiaiy, and perhai)s even quaternary 
stmotures that may he ascribed to mechanical movement with accompanying rocrystalliza- 
tiou. The regional motamorphism thus produced cannot be traced to the iniluonce of 
any igneous intnision. It is not unifomly distributed, but seems to increase in intensity 
both from south-east and north-west towards a N.E. and S.W. line, which is an anticline 
of the foliation.*^ 

Throughout the Coutral Highlands the rocks are as crystalline as any pro-Cambrian 
schists. Yet in many jilaces unmistakable traces of clastic stmcture can be detected 


1 Mr. J. B. Hill, Q. J. O. S. Iv. (1899), p. 470. 

® Geology of Cowal, *’ Messrs. Clough and J. B. Hill, Mm, (ieol. Survey, 1897. 




PABT rni § ii 


REGIONAL METAMORPEIBM 


797 


among them. Thus they include bauds of andalusite-slate,^ of gidts full of 'svell-rouiided 
fragments of quartz, felspar, or other ingi-edients, and even of coai’se conglomerate, the 
large boulders of which (gi*anite, gneiss, &c,) are wrapped round in a schistose matrix. 
At present there is no clear indication of the age of these rocks. The only fossils found 
in them are aimelide burrows, which have been detected in the quai'tzites of Perthshire, 
"Islay, and Jura. The limestones, of which two marked bands on different hoiizons traverse 
the Highlands from north-east to south-west, have in general become too crystalline to 
retain organic structures. Zones of graphitic schist can be followed for long distances, 
and often recall the black graptolitic shales of the Lower Silurian series. The officers of 
the Geological Survey have discovered, wedged in between the schists and the great 
boundaiy fault on the southern margin of the Highlands, a grou]> of strata which present 
strong resemblance to some Lower Silurian rocks in the Southern Uplands of Scotland. 
They include certain cherts containing and also some peculiar igneous rocks. 

They shade off so insensibly into the schistose series that no satisfactory line can be 
traced between them. If these strata are definitely identified as Lower Silurian, the 
conclusion may he drawn that the latest defoimation of the Highland rocks took place 
after the Arenig period, and that those rocks probably include metamorphosed Silurian, 
Cambrian, and pro-Cambrian strata. 

The Scottish Highlands furnish further interesting material for the study of the 
jiroblenis of metamorphism, in the various eruptive rocks which they include. Thus in 
Banffshire and Aberdeenshire, large masses of diorite, diabase, and gabbro cut the 
schists in places, but i*uu on the whole parallel with the general strike of the region. 
Their appearance, though later than that of the rocks through which they have come, was 
earlier than the regional metamorphism. The diorite has, in many places, itself under- 
gone great alteration. Its component minerals have ranged themselves in the direction 
of the prevalent foliation, and where they have, probably originally, sepai-atod into distinct 
aggregates, the felspar forms a kind of labrador-rock, while the hornblende assumes the 
stnicture of perfect hornblende. schist. Numerous bosses of gi'auite and porphyries likewise 
occur, traveling the diorites and schists and thei*efore of still later date. We have already 
seen {antc^ p. 729) that in the Northern Highlands extensive tracts of schist have heeti 
‘‘granitised” by the penueation of gi’anitic material into them, and especially between 
their lamiiire, whereby they have become highly crystalline gneisses. In tlie Soutlieni 
Highlands also Mr. G. Barrow has found evidence that over and above the earlier wide- 
spread effects of great dynamical movements, a marked amount of metaniorphism of 
the schists may be traced to the influence of younger erupted granites and gneiHses,*’ Ho 
shows that a vast number of pegmatite veins which tiuvcmo the schists may bo traced 
into bosses of intnisive gi-anito or gneiss, the gi*oat mass of which is concealed below 
ground. He finds that three well-marked zones can bo observed in the schists, of which 
the fii*st, lying nearest to the main body of oiaiptive material, is marked by an abundance 
of sillimanite, the next by kyanito, and the outermost by stanrolite. He has followed 
the same band of altered sodimontaiy material across these zones, which are thus shown 
to he entirely independent of the original stmeturo of the rocks. Those observations, 

^ It is important to note, as showing the relation of regional to contact-metamorphism 
•that every .stage in the development of the andalusite can bo traced in these slates, though 
no eruptive rock appears at the surface. J. Horne, MinemL Mag, 1884, I have proposed 
to class the metamorphic rocks of the Central and Southern Highlands by the name of Dal- 
radian, for convenience of reference, until their true geological position shall have been deter- 
mined. Addmss Q. J, G, JS, (1891), p. 76, Book VI. Part I. § ii. 

2 See Annual' R^orta of Gaol, Simsey for the years 1893, 1896, 1896, and Summary of 
Progress for 1899, p. 67 ; G. Barrow, Q, J, G, B, Ivii. (1901), p. 328. 

^ It has now been definitely ascertained that the younger granites of the south-west 
Highlands are later than the Lower Old Bed Sandstone volcanic series of Lome. Bwnmary 
of Progress of Qeol, Buro, for 1901. 
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which have been extended over many hundred square miles of Forfarshire, Perthshire, 
and Aberdeenshire, are of much interest and impoitance as they serve to connect the 
phenomena of contact and regional metamorphism.^ 

Scandinavia. — In many resijeets the geological stmcture of the Scandinavia 
peninsula is a prolongation of that of the Scottish Highlands. The general sequence of 
ancient rocks is broadly similar, and the niannor in which they have been disrupted and 
metamorphosed closely resembles that wdiich has been established in Scotland. 
Neither in Norway nor in Sweden has the same minutely detailed mapping been 
attempted, which has led to such successful results in the Highlands, but enough has 
been ascertained to show the general tectonic structure of the region and to afford addi- 
tional material for the comprehension of regional metamorphism. A line drawn from 
south to north through the back-bone of Scandinavia divides the country into two 
great ti’acts, which are distinguished by this broad difference, that the western region has 
been the scene of gigantic movements of the terrestrial crust (p. 693), from which tlie 
eastern has beeu comparatively free. Hence the same formations on the two sides of the 
Peninsula present strongly contrasted aspects. Those formations range from the most 
ancient ( Ai'clnean) gneisses through certain pre-Cambiian sedimentary groups of consider- 
able thickness, then through representatives of the Cambnan, and Lower and Upper 
Siluiiau fonnations up to certain red sandstones, which are supposed to be stratigi*aphical 
eijuivalents of the Old Red Sandstone of Biitain (pp. 898, 924). Along the eastern 
belt of territory the succession of the rocks is easily detennined, for their distinctive 
petrogi'ajdiical characters remain, and the fossiliferous strata have yielded an abundant 
series of organic remains. In the western belt, on the other hand, omng to enormous 
horizontal displacements and niunerous minor thrusts, the various rocks have beeu 
mptured, and slices of them liave been pushed over each other, while at the same time 
they have lost their original lithological aspect and have acquired more or less com- 
pletely crystalline structures. The pro-Caiubrian arkose known as Sparagmito is thus 
transformed westw^ards into various quai'tzose, micaceous, and homblendic scliists, accord? 
ing to its composition, and even into forms of gneiss. The Palteozoio fonnations can no 
longer he separated from each other, the shales and sandstones become transfonned into 
various crystalline schists and quartzites, while the limestones ai*e niannarised. Yet even 
among these intensely altered rocks organic remains have not been wholly effaced. In 
the year 1882 H. Reuach obtained from the Bergen district clear proof of the Silmian 
age of certain crystalline rocks in that part of Norway.*-^ He found among masses of 
mica-schist, hornblende-schist, gueiss, and other crystalline rocks, intercalated hands of 
conglomerate which, while obviously of clastic origin, have undergone enomous com- 
pression, the pebbles being squeezed flat and the paste having become more or less ciy- 
stalline. The occurrence of such bands would of itself suggest a sedimentary origin for 
a considerable part, if not for the whole of that series of deposits. But from several 
localities he obtained confimiation of this inference by detecting fossils which have been 
recognised as undoubtedly Upper Silurian. Some of them occur in a crystalline liine- 

1 G. Barrow, Q, J. (/. xlix. (1893), p. 830. 

2 ‘ Silurfossiler og Pressede Konglomerator i Bergeusskifreue,’ Ohristiania, 1882, ti*aus- 
lated into German by R. Baldauf, ‘Die foRsilieu-flihrendeu krystalliuischen Schiefer 'V'oii* 
Bergen in Norwegen,* Leipzig, 1888. The metamori^hism of that district is proved to have 
beeu connected wdth powerful dynamical movements, the latest of which are of younger date 
than the Upper Silurian porio<l. Prof. Brcigger, in a valuable contribution to the discussion 
of the raetamorphism of the Nonvegian fjelds (No. 11 of the QmL UiidMg,, 1893), 
recognised the original character of some of the altered rocks, and to whnt subdivisions of the 
Palasozoic formations they belong. It is now admitted that the Cambrian and Silurian strata 
in the Hardauger section are not really coutinued upward into the ovea-lyiug schists, os had 
been supposed, but that these schists have been driven over them upon a great thrust-plane. 
H. Reusch, J. Rekstadt, and K. 0. Bjdrlyke. Op. ciL Aax'bog, 1902, No. 2. . See joosiea, p. 970. 
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stone, which is intercalated in a dark histrona i>hyllite. But tliey are found, as casts, 
most abundantly in a liglit-grey lustrous micaceous schist, which, under the microscope, 
is observed to be composed in large measure of (xuartz, not having a fragmental aspect, 
^nth mica, rutile, and tourmaline. The fossils recognised comprise Phacops^ Calymmej 
several uudeteriuiuable gasteropoda and brachiopods, Oyathophylhuni, Halysites 
'ccdmuIaHa, Fnwsites, Monoyra^iius, and some others. More recently 

abundant encrinites have been found in one of the schists among the high fjelds near 
Sulitelma on the Swedish frontier.^ 

Ardennes. — As far back as 1848, Dumont XHiblished a description of the Belgian 
Ardennes, in which he showed that a zone of his “terrains ardennais et rhenan,” had 
undergone a remarkable metamorpliism. Sandstones, in approaching this zone, were 
transformed, he said, into quartzites, and by degrees x)assed into rocks characterised by 
the presence of garnet, hornblende, and other minerals ; the slates (idiyllade.s) gradu- 
ated into dark rocks, in which magnetite, titanite, and ottrelite had been developed. 
Yet the fossiliferous character of the strata thus metamoiqdmsed had not been destroyed. 
In speciinons showing a gradation from a giit to a comx>act garnetiferous and hornblendic 
quartzite, Professor Sandberger, to whom they w-ere submitted, recognised the presence of 
the two Devonian shells, (Spirifer macropterus and Clionetes stirciniUaUis, “The garnets 
and the fossils are associated in the same specimen,” he wrote, adding, “who, after this, 
can hesitate to admit that the crystalline schists and i[uartzites of the H uudsriick and 
Taunns are likewise metamorphosed Taunusian rocks 

In 1882, M. Renard, fortified with the resources of modern x)ctrogi-a[)hy, renewed the 
examination of Dumont’s motamorphic area of the Ardennes, and conclusively established 
the accuracy of all the main facts noticed by the earlier observer. Not only do the 
geological stmeture of this region, and the occurrence of recognisable fossils, show that 
the rocks, now transformed into more or less crystalline masses, were originally parts of 
the ordinary series of Devonian sandstones, greywackes, and shales, but the microscope 
comes in to confirm this conclusion. The original clastic grains of quartz and the diffused 
carbonaceous material of the unaltered strata can still he recognised in their metamor- 
phosed equivalents. But there have been developed iu them abundant new minerals — 
garnet (1 to 2 mm.), hornblende, mica, titanite, apatite, bastonite, ottrelite.^ 

Dumont appears to have believed that the metamorpliism which he had traced so 
well ill the Ardennes was to be attributed to tlie influence of underlying masses of 
eruptive rooks, though he frankly admitted that the niotamorphisin is less marked where 
eruptive veins have made tlieir appearance than w'here they have iiot.'^ M. Renard, 
however, pointed out that eruptive rocks are really absent, and tliat the association of 
minerals proves that the metamorphosed rocks could not have been softened by a high 
temperature, as supposed by Dumont, otherwise the simultaneous presence of graphite 

1 H. SjSgren, QeoL FUmi, Stockholm, xxii. (1900), pp. 106, 437. The stmeture of 
Bcaiidinavia and the succession of its older rocks are more fully discussed in Book VI., 
pp. 898, 924. nie effects of dynamo-nietamoriihisiu among the rocks of Scania have 
been described by H. BRckstrom in his memoir on Vestana, (sited p. 782. thinks 
that they have more or less affected all the rocks of the district, but only here and there in 
strongly pronounced degree, while contact-metuniorphism has been general among the sedi- 
mentary rocks. He points out that the youngest gneiss, with its overlying quartzite and 
tuff, which must once have covered an extensive area, has < been in large measure removed 
by denudation, excejjt where these rocks have been protected by a covering of tlie deeper 
seated and more highly luetamorphosed gneisses which have been upthrust upon them. 

2 mues JM. (1861), p. 677. 

* Renard {Bull. Mus. Roy. Belgique., i. (1882), p. 14) estimates the components of one 
of these altered rooks to be: graphite, 4*80 ; apatite, 1*61 ; titanite, 1*02 ; garnet, 4*14; 
mica, 20*85 ; hornblende, 87*62 ; quartz, 30*62 ; water, 1*32 = 101*88. 

* Renard, op, cit. p. 34. 
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and silicates, with ])i*otoxide iron bases, such as mica, hornblende, &c., would certainly 
have given rise at least to a |»artial production of metallic iron. He connected the 
metamorpliisni with the mechanical movements which the rocks have undergone along 
the altered zone.^ The metamorphisni of this region was afterwards discussed by 
Professor Gosselet, who also regards it as due to dynamical causes.- 

Taunus. — A similar example of regional metamorphisin extends into the tracts of the " 
Taunus and Hundsriick. In 1867 K. A. Lessen published an elaborate memoir on the 
structure of the Taunus, which is now of classic interest in the history of opinion 
regarding metaniorpliisiu.''* He showed that below the middle Devonian limestone, the 
usual lower Devonian slates, greywackes, and quartzites rise to the surface, but that 
these, traced southwards, ])ass gradually into various crystalline schists. Among these 
schists, ho distinguished soricite-gneiss, mica-schist, phyllite, knotted schist, augite- 
schist, sericite-lime-phyllite, quartzite, and kieselschiefer. As intermediate grades 
between these crystaUine masses and the ordinary clastic *8trata, he observed quartz- 
eoiiglonierates, with a crystalline schistose matrix, or with albite crystals, and quartzites 
with serioite or mica. He concluded that while these crystalline rocks present the 
most complete analogies with those of the Alps, Silesia, Brazil, &c., they are yet so 
intimately bound up alike peti'ographically and stratigi’aidiically with strata containing 
Devonian fossils, and into which they pass by semi -crystalline vaiieties, that they must 
be considered as of Devonian age. Subsequently K. Koch proposed to regard the 
crystalline schists of the Taunus as Cambrian (Hnronian),'^ and they have been indicated 
on the Geological Survey map as Cambrian or Siluiiau. But the fact that a conformable 
sequence can be traced from undoubted fossiliferons Devonian stinta downwards into 
these crystalline schists makes it immaterial what stratigraphical name may bo applied 
to them. They are almost certainly Devonian, as Loasen described them, and in any 
case, they are unquestionably the metamorphosed equivalents of what are elsewhere 
ordinary sedimentary strata. 

The Alps.— In the geological structure of the central Alps, crystalline schists play 
an important part/’ There can bo no doubt that some parts of these schists represent 

^ Op. dt. p. 37. 

See his great Monograph on the Ardennes, JSIem, Carte G6oL France, 1888, chap, xxv. 
More recently Professor Beuard is inclined to think that at le«ist some of the observed metamor- 
pbism may after all be due to igneous rooks concealed beneath ; but this view is strenuously 
combated by Professor Gosselet, who gives several cogent reasons for his convictions. See 
Bidh Soc. Bcltje Qeol. tome xii, (1898), pp. 214-220, 

y “ Geognostisohe Beschreibiing der Unksrheinischen Portsetzuug des Taunus,” &c., Z, D, 
O. 0, xix. (1867), p. 509 (1885), p. 29. E, Geiiiitz {op. cit xxviii. 1876, p. 643) describes 
the occui-reuce of well-marked Ortliis in a greenish hornblende-schist, consisting of qtuirtz, 
hornblende, and octohedra of magnetite. 

See Lesson’s reply, Z, I). O, G, xxix. (1877), p. 341. He argues convincingly against 
the supposition that these can bo original chemical deposits of Cambrian age. (See also 
Beiiard, BtdL Mm, Roy, Bdg, i. p. 31, mte,) 

^ See Lory, ‘Description gcologiqne dii Dauphiiie* (1860), Part 1. §§ 40-42 ; Compte 
Q'endu Congr^ OSohgique Intmiationid, Paris, 1881, pp. 39-43 ; Bull Soc, (Uol, France, 
3e serie, ix. (1881), pp. 652-679; Favre, ‘Eecherches gcologiques dans les parties de la 
Savoie, &c., voiaines <lu Mt. Blanc ’ (1867), chaps, xxi. xxiv, xxv. ; A. Milller, Mim, Hoc. 

Nat, B61e, 1865-70; Sismouda, Rml, Acad, Sci. Tarin, (2), xxiv. (1866), p. 333; 
A. Miohel-Levy, “Chjiines des Aiguilles Bouges,” B, Carte, OM>, France, hi. (1892), No. 27 ; 

L. Duparc aud L. Mrazec, “ Massif du Mt. Blanc,” Boo, Fhys, Kiet, Nat, Geneva, xxxiii. 
(1898), pp. 112-171 ; P. Termier, B, Cart, Ghl, France, ii. (1891), N<5. 26, p. 75 ; 

M. Bertraaid, Gomit, r&ul, 1894, p. 212. The Pakeozoic aud Secondary age of part of the 
schists of the Alps is enforced by Heim, ‘Mechauismus dfcr Gebirgsbildung,’ 1878 ; CompL 
rend, Oongudls Ghl, International, London (1888), p. 16 ; Nature, xxxviii. (1888), p. 624 ; 
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what were once sedimentary strata, while others are not improbably altered forms of 
igneous rocks which were contemporaneously or subsequently intercalated among them. 
As regards their geological age, however, much diversity of opinion exists. Some 
winters claim them as of pre-Cambrian date, while others think that they may consist, 
perhaps in large measure, of Pula^ozoie or even younger rocks. 

• That a nucleus of crystalline scliists already existed in the Alpine region before the 
deposition of the Carboniferous formations is abundantly clear. No one, for instance, can 
cross from Yernayaz in the Rhone valley by Fin Hant to the Col de Balme along the 
ban«l of Carboniferous strata ^Yithout encouutenug excellent sections of conglomerates, 
made up of the debris of the schists, and even lying on these rocks nnconfoi-mably. 
The metamorpliism which lias so greatly aifected the Palieozoic and Mesozoic formations 
of the central and eastern Alps is hardly appreciable in this xiart of the chain, for the 
Carboniferous conglomerates, though they have obviously been much crushed, cannot be 
called metamorphic, while the greatest change undergone by the carbonaceous shales is 
their alteration into silky ^yllites. The J urassic limestones that flank them likewise 
retain their blue tint and dull compact texture. Not far to the south, however, the 
continuations of the same sti*ata have undergone more change, for at the well-known 
locality of Petit Coeur the plants so abundantly and admirably preserved in black schist 
have had their original substance replaced by a white hydrous mica.^ Throughout the 
Alpine Carboniferous bands, whore fossil plants occur, they usually show, by the extra- 
ordinary way in which they have been deformed, the intensity of the shearing stresses 
to which the rocks liave been subjected.^ It is in the eastern part of tlie chain, 
however, that the metamoridiism of the Carboniferous bands appears to be moat 
developed. A dotailetl investigation of the geotectonic and jwti’ogmphical relations 
of those rocks was carried out in 18S2 by the late D. Stur, Director of the Austi’o- 
Hungarian Geological Survey, and Bai'on von Foiillon.^ Oil the northern border 
of the Styriau Alps, near Lcoben, a group of crystalline schists 10,000 to 13,000 
feet thick reclines steeply (but it is said conformably) against gneiss. It consists of 
phyllite-gneiss, mica-schist, and chlorite schist, with four bands of dark graphitic schist 
and one or two seams of limestone. The plant-hearing graphitic schist is full of plant- 
remains {GaUmitva ramosiis, Pncoptcris hiicJiiUca, Lcfpviodmidron yQilegmm'ia^ &c.). Tlie 
association of plants and the occurrence of bands of gra);>hite, representative doubtless of 
former beds of coal, indicate that these carbonaceous rocks belong to the well-known 
Schatzler group of the lower Oo^l-series of Silesia. The whole succession of schists of 
which these plant-bearing bods are members, forms one continuous gi'oup, which Stur 
recognised as traceable for a long disttinco on the northern margin of the central range 
of the north-eastern Alps. He insisted that this group of schists cannot be the i*esult of 
original chemical deposition, but, on the contrary; that it is shown, by a groat series of 
facts, to be the metamorphosed equivalent of what, elsewhere, are unaltered Carboni- 
ferous strata. The distortion of the fossils, which proves that the rooks have behaved 

13. J. (n. >y. xlvi. (1890), p. 236 ; Grubenmann, MiMeil, ThiirgmUdmi Eakirf. OcMmk, 
Heft viii. (1888); Baltzer, ‘Beitriige zur Geol. Karte dor Schweiz,’ No. 2d: (1888). The 
voluiiieH of these “ Boitriige ” contain ample details regarding the geological structure of the 
Swiss Alps. Piofessor Bomiey holds that the crystalline schists of the AIjm are older than 
the Palaeozoic rocks, which even where altered can alway.s, ho thinks, bo distinguished from 
true schists. Address, Q. J, (/. >S. vol. xlii. 1886, p. 66 ; xlv. 1889, p. 67 ; xlvi. 1890, p. 
187; xlviii. 1892, p. 390; xlix. 1893, p. 89; 1. 1894, pp. 279, 286; OcoL Mag. 1890, 
p. 633. 

^ Favre, ‘Reoherchea G60I.’ iii. j). 192. 

^ See Heer’s * Flora Fossilis Helvetitc ’ (Steinkohlen Flora), Plate iv. Pig. 1 ; v. Pigs. 1, 3 ; 
viii. Pigs. 1, 2 ; xiii. Pig. 1, &c. 

* Jedwh. Qeol. ReichsemsU xxxiii. (1883), pp. 189, 207. See also Toula, Ve/rK. Oed. 
Iteidh<8an8t 1877, p. 240. 

’ VOL. II H 
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like plastic masses under the strain of mountain-making, the alteration of their substance 
into anthmcite or graphite, and its replacement by micaceous silicates, are evidence of a 
serious metamorphisin. Star concluded that there was every encoumgement to search 
for fossils in the schist envelope of the central Alpine gneiss.^ 

Bai'on voii Foullon describes the petrographical characters of the various members of 
the group of schists in which the plants occur near Leobeii. As to the thoroughly'' 
crystalline character of the phyllite-gneiss, mica-schist, &c., there can be no dispute. 
It will be enough here to refer briefly to the constitution of the graphite-schist in which 
the plants occur. Hand-specimens present a dull fracture, on which none of the com- 
ponents, except the graphite, can be recognised, though sometimes they show a greenish, 
fibrous, iisbestifomi mineral. In thin slices, the rock is seen to be composed of ipiartz 
grains, chloritoid, an asbestos-like substance, and arnica, with abundant “clay-slate 
microlites,” and diffused carbonaceous matter. It resembles the mica-chloritoid-schists 
of the Taunus. Some of the chloritoid-schists or quartz-phy Hites associated with this 
plant-bearing band are also graphitic. Petrographical investigation thus concurs with 
the stratigraphical evidence to prove that a tract of crystalline schists in the north- 
eastern Alps consists of metamorphosed Carboniferous rocks. The evidence of intense 
mechanical movement and the absence of any indication of the infliience of eruptive rocks 
combine to indicate that the metamorphisin of these strata is an example of regional 
inetamorphisni. 

In the western Alps the Triasaic strata present greater evidence of metamorphisin 
than the Carboniferous deposits which undci'lio them. In the chain of the Aiguilles 
Rouges near Chainounix, M. IHichel-Levy has observed that the arkoses of this series 
have been so crushed and altered that they can hardly be distinguished from the more 
ancient crystalline schists. They have acquired a laminar structure with a recrystalliza- 
tion of serieito, chlorite, iron-ores, and quartz, and in this transformed condition alternate 
with bands where the alteration has not advanced so far.*^ The so-called “schistes 
lustr4es*’ or “ BUiidnerschiefer ” of the Alps are believed liy those geologists who have 
most closely studied them to be mctaniorphic equivalents of some part of the vast series 
of formations between Arclnean and Eocene. They have been so thoroughly modified 
as to possess in many places the wholly crystalline structure of mica-schist or hornfols. 
The following petrographical types are recognised among them: (1) micaceous eale- 
phyllite, sometimes containing fragmentary echiiioderms ; (2) calc-phyllite with zoisito, 
clintonite, or felspar and enclosing eehinoderms, beleninites, and Cardinia; (3) black 
clintonite-phyllite with belemiiites ; (4) zoisito and garnet-phyllite with helemnites ; 
(6) garnet and zoisito hornfels ; (tJ) quartzless schist containing twm micas, with 
kyanite, zoisite, epidote, and staurolite ; (7) quartzose mica-schist with garnet, 
actiuolito, staurolite, kyanite, epidote, zoisite, biotite, plagioclase, tourmaline, &o. ; 
(8) actinolitic (piartzite. Only in tlio first four types have fossils been fbiind.^ This 

^ He had, many years before this, anuoimcod his belief that the schistose envelope 
{Schieferhulle) of the Alps probably represents rahcozoic rocks. Stache, in 1874, wrote 
that “the question now is how fur Cambrian or Silurian rocks are represeuted,” JuJirh 
Oeol. Retells, 1874, p. 159. In 1884 he thought that the epicrystalline condition of the 
Silurian roclcs in the Alps might bo duo to original crystalline precipiUition. Z. I). (L G. 
1884, p. 356. R. Hoemes has more recently published an excellent paper on the meta- 
morphism of tho Styrian graphite, in which he dwells upon the evidence for the regional 
metamorphism so well described by Foullon. He thinks that the transformation of the 
Rotteumauner granite into gneiss and the coal into graphite belong to one of tho youngest 
periods in geological history, and form imrt of tho late plication-movements of the Alps 
whicli, as shown in tlio frequent earthquakes, have not yet come to a state of rest. MiltJi, 
Xaturwiss, Vereiiit Steiermark, 1900, pp. 90-131. 

° Michel-Ldvy, B, Oart<^ Oiol France^ iii. No. 27, p. 29. 

® C.. Schmidt, “Livret Guide dans la Suisse,” Congr, QSol. Intmiat. 1894, p. 140. 
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nietainorpliism begius on the outer flanks of the Alpine chain and increases towards 
the central mountains. The Liassic shales by degrees become micacised and 
lose their fossils, while the limestones assume a jointed aspect and linally pass 
into a completely crystalline condition. In the Yaud Alps, the belemnites of the 
piddle Oxfordian shales gradually disappear in proportion as the rock becomes more 
scliistose, till at the Diablerets it is an almost crj^stalline seiiokic schist.^ The Eocene 
strata, also, under intense coinjn-ession, have as.siimed the character of slates, which are 
worked for economic purposes.*-* Dr. Rothpletz, as the result of his study of the 
Bundnei’schiefcr of the central Alps, ^concludes that thej^ comprise {a) marbles, dolomites, 
and calc-schists, of Archteaii age, which alternate with true gneisses and inica-shists ; 
{b) marbles, dolomites, calc-, clay-, and quartzite -schists, and diabase -schists of 
Palajozoic age ; (c) dolomites, limestones, and schists, which are of Triassic age and lie 
uuconj^rmably on the Palmozoic series ; (d) limestones, calc- and clay-slates, sandstones, 
and conglomerates, which in great part, if not entirely, belong to the Lias. The fossils 
in the Paheozoic series are indeterminable crinoid remains, those in the Triassic division 
cannot be specifically identified, but from the Liassic series a number of characteristic 
species of the Lower and Middle Lias have been obtained.-* 

Greece.— In the Grecian peninsula, vast masses of chlorite-schist, mica-schist, and 
gneiss occur, with^thick interstmtified zones of marble. In the calcareous zones fossils 
have been found which, though not well i>rescrved, show that the rocks belong to the 
fossiliferous series of formations, and are not jn'e-Cambrian. These crystalline rocks in 
north-eastern Greece lie on the strike of normal Cretaceous luppurite limestones, sand- 
stones, and shales, and are probably, at least in jiart, of Cretaceous ago.** 

Green Mountains of New England. — The Cambrian and Lower Silurian strata, 
which to the north in Vermont are comparatively little changed, become increasingly 
altered as they are traced southwards into New York Island, They are thrown into 
sharp folds, and even inverted, the direction of ])lication being generally N.N.E. and 
S.'S.W. This disturbance has been accompanied by a marked crystallization. The 
limestones have become marbles, the sandy beds quartzites,' and the other strata have 
assumed the character of slate, mica-schist, chlorito-schist, and gneiss, among which 
hornblendic, augitic, hypersthenic, and chryaolitio zones occur. The geological horizon 
of these rocks is shown by the discovery in them at various localities oi’ fossils belonging 
to the OhMllus zone of the Cambrian and to the Trenton and Hudson Kiver subdivisions 
of the Lower Silurian system of eastern North Amexica. The rocks have been ridged up 
and altered along a belt of tjountry lying to the east of the Hudson and extending 
north into Canada.” Since the observations of Dana cited below, the gx'ound has been 
worked out in considerable detail by inenibei-s of the Geological Survey of the United 
States. The Lower Cambrian age of the lower part of the great quaitzite of Vermont is 

1 Renevier, B. ti, F, (3), ix. (1881), p. 660 ; xvii. (1898), p. 881. 

® Lory, op. ait ix. (1881) p. 651. 

” “Ueber doa Alter der BimdnwrHchiefer,” X. J). (/. (f. 1895, i. pp. 1-59. 

M. Neumayr, Jdhrh, ircol, BHvhmmt xxvi. (1876), p. 249. Z, JJeutseh. Oeoi, Oen, 
xxxiii. pp. 118, 451. A. Bittner, M. Neumayr, and P. Teller, JJmImh, Akad, xl. 

(1880)^ p. 395. R. LepsiuH, in his great monograph ‘Attika,’ A useful eompeiulium 
of information regarding the geology and idiysical googi-aphy of Greece will be found 
in the volume already cited, ‘ Physikalisclie Goograpliio von Griecheulan<l, mil besonderer 
Eiicksiolit auf das Alterthum,’ by C. Neumann and J. Partsch, Breslau, 1886. 

® See Dana, Am&r. Joimi, iSci. iv. v. vi. xiii. xiv. xvii. xviii. xix. xx. ; (?. K 1882, 

p. 397. The identification of the so-called Taconic schiKts of New England with altered 
Lower Silurian rocks was called in question by Sterry Hxint, but tlie stratigrapbical evidence 
collected by A. Wing, Dana, R, Pumpelly, J. E. WoltT, T. N. Dale, B. K. Emerson and 
others, and the testimony of the fossils collected by Dana, Dwight, Walcott, &c,, have 
sustained it. 
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shown by the occurrence in it of Olcndhts^ The basement of the Cambrian series in Old 
Hampshire county, Massachusetts, is recognised by Pi’ofessor Emerson in a giicissose 
conglomerate which graduates upward into the quartzite and lies iincouformably on an 
older (Archiean) gneiss. Above the Cambrian quartzite the Lower Silurian formations 
are represented by a conformable series of sericitic, amphibolitic, chloritic, and other 
schists, which in turn are unconformably overlain by an upper group of quartzites, lime- 
stones, garnetiferous mica-schists and clay-slntes, which are regarded as metamorphosed 
Upper Silurian strata.^ 

Menominee and Marquette Eegions of Michigan. — In one of the most 
luminous essays yet published on the megascopic and microscopic proofs of dynamic meta- 
morphism, to which reierence has already been made (p. 790), G. H. 'Williams proved 
that a series of pre-Cambrian rocks of eruptive origin (greenstones, tiitfs, agglomerates, 
&c.) have been converted into perfect schists.^ The various stages of alteration are 
minutely detailed, and careful drawings are given of the microscopic structures. The 
deductions arrived at by the author have far more than a mere local signiiicance ; they 
lay an accurate basis for the study of similar “ greenstone-schists ” in other regions, and 
show how the origiua-1 eruptive character of such altered rocks is to be^’ceognised. 

It may be useful to group the foregoing and a fe\v other e.vainples of regional meta- 
morphism in stratigrax)liical order, that the student may sec over how wide a range of 
the geological formations such transformation has taken place. 

Tertiarij. — Northern and Central Italy. — Murnmulitic limestone rendered saccharoitl, 
and strata (including Mioeeiio) genf'rnlly more indurated in proportion to the 
extent to which they have biHii Soideci and disturbed. These changes which 
indicate an incipient metamorphism are well displayed in the Apuan Alps and 
in the Apennines.** 

Ovctacemi^, — Greece. — Chlorite-schist, mica-schist, marble, serpentine, &c., believed 
to be altered Cretaceous sandstone, shale, limestone, &c. (p. 803). 

Coast range of Califomia. — Sti*ata containing Cretaceous fossils pass into jiispei’s, 
siliceous slate (phthanites), glaucophane-schist, garnetiferous mica-schist, serpen- 
tine, &C.'* 

Jurassic. — Alps. — Sericite-schists, altered limestones, &c. (p. 803). 

Sierra Nevada (California). — piay-slates, talcose slates, serpentine, &c., passing 
into rocks containing Jurassic fossils. ° 

Trias. — Sienu. Nevada (Spain). — Clay-slate, mica-schists, talc-schists, and limestones.** 
Italy (Carrara, &«.), — Mica-schist, talc-schist, marbles, passing down into lime- 
stones containing Encrimis PhyVoccras, Peivtaennus, below which 

lie gneissio and other schists enclosing Orthoccras, Actinoceras, and evidently of 
Palfeozoio age.*^ 


^ Messrs. Pumpelly, Wolff, and Dale, ‘ Geology of the Green Mountains in Massachusetts, * 
Monograph xxiii. of U.S. Gcol. SHn\ 1894 ; B. K. Emerson, ‘Geology of Old Hampshire 
County, Massachusetts,’ Monograiih No. xxix., 1898. 

3 £ 2 dl. U.S. Oeul. f^irvei/, No. 62, 1890. 

3 Lotti and Zaccagiia AVf. Ueol. dJtaZia, 1881, p. 5. Lotti, ibUh p. 419, 

B. S. O. K xvi. (1888), p. 406, 

** Whitney, Cieol. Surv. CaU/amia, “ Geologj%” vol. i. p. 23. G. F. Becker, B. U.K G. S. 
No. 19 (1886) ; Amer, Jourti. Sci. xx.ri, (1886), j). 348. "‘Geology of the Quicksilver 
Deposits of the Pacific Slope,” Monogiuph No. xiii. of U.S. Gael. 1888. • 

® Whitney, op. cit. p. 225. J. S. Diller (B. U.S. G. S. No. 33, 1886), accepting the 
general view that at least a portion of the auriferous slates is Mesozoic, suggests that pai't of 
them may he Carboniferous, or even older. 

” De Vemeuil, Bull. t^oc. Qiol. Francs (2), xiii. p. 708. E. vou Drasclie, Jahrh. GeoL 
Bsiclisanst. xxix. (1879), p. 93. The identification of these rocks with Triassic beds is a 
probable conjecture. 

7 Coquand, B, S. G, F. (3), iii. p. 26 ; iv. p. 126. Zaccagna,, Boll. Com. Gcol. Ital. xii. 
(1881), p. 476. Lotti, op. cit. p. 419, Plate ix. S. Franclii, op. cit. 1898, Nos. 3 and 4. 
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— Limestones, dolomites, and gypsums rendered crystalline, associated^^ith 
calc-mioa-scliist and other varieties of schist (p. 802). 

Paiijab. — Infi-a-Triassic rocks overlain by a series of gneisses and schists.^ 

(JarhoniftiTons. — Alps.- Or.'iplntr-.si-hi^t, pliyllito-gnoi5=!. &c, (p. 801). 

Eastern Brittany. — C n-lioniiu’-o.is -li‘ilc«^ !il:i n-i inm erystallino schists.- 

Devonicni. — Taunus. — A large series of crystalline schists (p. 800). 

Ardennes. — Crystalline schists with garnet, hornblende, mica, &c. (p. 799). 

Silurian and Cambrian. — Scotland. — A great series of crystalline .schists overlying 
quartzite and limestones with fo.ssils (p. 792). 

Norway. — A series of schists ro«soinblin 2 : those of Scotland, lying niion and inter- 
vStratiiied with fossiliferous beds ^). 79o;. 

Green Mountains of New England. — A great group of schists, quurtzites, and 
limestones, with fossils in some beds (p. 803). 

Saxon granulite tmct. — Schists, schistose conglomerates, &c.'' 

South Wales. — A line foliation of the tuffs, representing an early stage of regional 
metamorphism. 

Prc-Oamhrian {Arcliccan). — Scotland. — Sandstone and ii'Vpqo 'nto lustrous 

crumpled micaceous schists (p. 794). Some of the ’.r ■ . i! and hom- 

bleiide roc.ks of Sutherland have had a new schistosity superinduced in them by 
the shearing movements that altered the Cambrian strata (p. 885, »rq.). 

MUhigan . — Eruptive rocks converted into achnsts (see above). Conglomerates with 
elongated pebbles in a matrix of sericite-schist.® 

Summapy. — Prom the evidence now adduced the following con- 
clusions may be confidently dr*awn. 

1. There are wide regions in which crystalline schists {a) overlie 
fossiliferous strata, or {h) contain intercalated bands in which fossils occur, 
or {c) pa.ss either laterally or vertically into undoubted sedimentary strata. 

2. These schists are in some cases the metamorphosed equivalents of 
what were once ordinary sedimentary deposits, with frequently included 
igneous rocks. 

‘ 3. The alteration by which rocks have been attected in regional metti- 

morphism is, on the whole, similar in its stages to what may be traced 
in local metaniorphism round bosses of granite, bnt has attained a much 
greater development. 

4. Eogional metamorphism has been directly connected with («) 
enormous pressure leading to little dr no molecular crushing, but with 
some sheaiing movement in the rock; or {h) with intense compression 
or tension, under which much sheaving and rupture have taken place. 
The former or statical phase does not produce such striking results as 
the latter or dynamical phase. The metamorphism is usually most pro- 
nounced where, as shown by plication, puckering, and shear-structure, 
the rocks have been subjected to the greatest mechanical movement. 

5. The dynamical stresses have been generally, perhaps always, 
accompanied with more or less chemical reaction, not, as a rule, iin'olving 
the introduction of new chemical constituents, but consisting chiefiy in a 
recombination of those already present in the rocks, with the conso(iuent 
development of new crystalline minerals. 

1 A. B. Wynne, GeoL Mag. 1880, ]>. 314. 

2 Jaunettaz, Bull, Soc. O^ol, Fmnvc (3), ix. (1881), p. C49. 

® Lehmann’s work cited antCy p. 785. ** Q. J, (/. S, xxxix. (1883), p. 310, 

® T. M. Clements, H. L. Sm>d;h, and W. 8. Buyley, “Tlie Crystal Palls Iron-bearing 
District,” Ann, Rep, U,S, O, K 1899. See also the pajMjr by C. It. Van Hiso cite<l 
aiLte, p. 790. 
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6. This chemical and miiieralogical rearrangement has probably been 
superinduced under the influence of moderate heat, and in iDresence of 
water, and is comparable 'vnth what, on a feeble scale, can be achieved in 
the laboratory. 

7. The alteration of rocks in an area of regional metamorphisni is 
often strikingly unequal in degree even over limited areas, being apt to 
attain sporadically a maximum intensity, particularly in tracts of greatest 
shearing or plication, while in other areas, the original clastic or crystal- 
line characters may be easily discernible. 

8. The nature of the alteration has depended first, and chiefly, on the 
original character and structure of the rocks affected by it ; and secondly, 
on the nature and intensity of the metamorphic activities. * Of some 
rocks (sandstone, carbonaceous shale, coal), the original condition may l)e 
recognisable when that of their associated strata has entirely disappeared. 

9. The foliation in a tract of regional metamorphism has been 
developed along divisional planes which guided the crystallization or 
rearrangement of the minerals. In some cases, these planes coincide 
with those of original deposit. In others, they may represent cleavage, 
as was long ago pointed out by Sedgwick and Darwin. Or they may 
indicate the planes along which, under intense pressure, the longer axes 
of crystallizing minerals would natui'ally range themselves. In a rock, 
homogeneous in chemicnl composition and general texture, foliation 
might be induced along any dominant divisional planes. If these planes 
were those of cleavage or of shearing, the resultant foliation might not 
apprceiiibly differ from that along original bedding planes.^ But it may 
be doubted whether a cleavage foliation of clastic sedimentary strafii 
could run over wide areas without sensible and even very serious 
interruptions. In most largo masses of sedimentary matter, the usual 
alternations of different kinds of sediment could not but produce distinct 
kinds of rock under the influence of metamorphic change. Where 
foliation coincides with cleavage over large tracts, it will almost certainly 
be crossed by bands, more or less distinct, coincident with the original 
bedding, whether of sedimentary or of eruptive rocks, and running 
oblique to thp general foliation, as bedding and cleavage do, save where 
they may happen to coalesce. Where a massive rock of generally 
homogeneous composition, such as a felsite or granite, has been intensely 
sheared, a rearrangement or recrystallization of its minerals has taken 
place along the planes of shearing. Such a rock is thus transformed 
into a schist. Even rocks of much more varied structure, like Archseau 
gneisses, have been subjected to such changes from shearing as not only 
to lose entirely their original structure, but to acquire a new' foliation 
parallel to the shearing planes (p. 888). 

It is now generally agreed that many gneisses and other forms of 
schist have been formed by dynamical action out of deep-seated masses 
of igneous rocks, both acid and basic. The banding of these rocks, 
which was formerly regarded as evidence of aqueous deposition, is no 

^ Jannettaz points out tliat tlie cleavage of the slates in the Grenoble Alps is parallel to 
the foliation of the inica-schists. Bull a^*oc. Ghl. France (3), ix. (1881), p. 649. 
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doubt generally due to an original segregation or differentiation of the 
component minerals of still unconsolidated igneous rocks, like the banded 
structure of some gabbros, though it may to some extent have resulted 
from the rearrangement and recrystallization of the materials of such 
rocks under intense mechanical strain. The occurrence of lenticular 
bands or bosses of amphibolite in coarse or gi*anitoid gneiss probably 
indicates dykes of some pyroxenic or hornblendic rock, by which the 
original granite was traversed before the development of the foliated 
structure. A gradation can be traced between masses of diorite, gabbro, 
&c., and hornblende-schists, actinolite-schists, gabbro-schists, i'i:c. The 
granitoid character of these basic igneous rocks, under the great stresses 
they have suffered during periods of terrestrial disturbance, has here and 
there entirely disappeared. First the minerals (especially the felspars) 
are seen to have ranged themselves with their long axis in one general 
direction. They have further separated into layei*s or folia in the 
same direction, and have thus acquired a more or less distinctly foliated 
structure. A massive diorite, gabbro, or diabase has in this way been 
converted into an amphibolite-schist. 

Part IX. Ore-Deposits.^ 

Metallic ores and other minerals that are extracted for their economic 
value occur in certiiin well-marked forms which have been variously 

^ A large list of works on the subject of Ore-Deposits might be cited here. The follow- 
* lug selectiou includes some of the more inipoi*taiit text-books and memoirs, while others are 
referred to in subse(iuent i)ages. In English, J. A. Phillips’ work, mentioned antu^ p. 7, has 
long been a standard text-book. Another valuable treatise, “The Gonesis of Ore-deposits,” 
is based on an original memoir, by Posepiiy, with mUlitious by American authorities, 
2nd edit. , 1 902. Otlier general text-books are B. von Cotta, ‘ Die Lehre voii Erzlager- 
statteu,’ 1859-61 ; A. von Groddeck, ‘Die Lehre von den IjagerstUtten der Erze,’ 1879 ; 
F. von Sandberger, ‘Uutersuchungen itber Bi-zgiinge,’ 1882-1885; R. Beck, ‘Die Lehre von 
Erzlagerstiitten,’ Berlin, 1901; E. Fuchs and L. Delaunay, ‘Gites Minoraiix,’ Paris, 1898. 
The Tranmethns of the Rtyyal (iedogmU l^ooUty of OoniitvJl contain many good papers. 

So much mining activity ha.s been developed in the United States that the subject has 
there been studied in much detail, and great additions to our knowledge have been tuade by 
the writings of Newberry, Le Conte, Becker, Emmons, Kemp, Van Hise, Lindgren, and 
other geologists. The Ttvusortious of the Amonaoi Institute, of Mining Engineers are full 
of excellent contributions. The general subject of the ores of the Unit(id States is treated 
by Professor Kemp in his ‘Ore Deposits of the United States,’ of which a third and entirely 
rewritten edition was published in 1 900. The most elabomte accounts of the mining regions 
of the States, with discussions of some of the problems presented by them, are given in the 
quarto monographs of the United States (ieologiexd Surrey as follows: G. F. Becker, ‘Geology 
of the Comstock Lode,’ Mon. iii. iv. and xiii. (also in Wi Ann, Mep, 1886-87, p. 695) ; R. 
D. Irving, ‘ Copper-bearing Rocks of Lake Superior,’ Mon. v. ; Curtis, ‘ Silver-lead deposits 
of Eureka, Nevada,’ Moii. vii. ; S. F. Bmiuous, ‘Geology and Mining Industry of Lea<lville, 
Coloi*ado,’ Mon. xii. ; ‘Geology of the Quicksilver Deposits of the Pacific Slope,’ Mon. xiii. ; 
Irving and Van Hise, * The Penokee Iron-bearing Series of N. Wisconsin,’ &c. Mon. xix. ; 
Van Hise and Bayley, ‘ The Marquette Iron-bearing District of Michigan,’ Mon, xxviii. ; Spurr, 
‘Geology of the Aspen Mining District of Colorado,* Mon. xxxi, ; Clements, Smyth, Bayley 
and Van Hise, ‘The Crystal Falls Iron-bearing District of Michiga)!,’ Mon. xx.xvi. ; “The Gold- 
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classified; but for the purposes of the geological student it is most 
convenient to consider them from the point of view of geological origin 
and structure. Thus arranged, they natui'ally gi*oup themselves into three 
great series : 1st, those connected with the ascent of a molten magma 
into the crust of the earth ; 2nd, those which have been introduced in 
solution into fissures, and have no obvious connection with the protrusion 
of any magma; and 3rd, those which have been contemporaneously 
deposited in superficial fonnations. 

1. Magmatic Ores. — They may arise either (a) from difFerentiation 
within the magma itself, or (h) from pneumatolitic action, whereby the 
metallic constituents of the magma are carried beyond the magma into 
the surrounding rocks. 

(а) So far as experience goes, metallic concentration has comparatively 
seldom taken iplace on a large scale within those portions of eruptive 
masses of rock now '\dsible at the surface, though some roniarkablo 
examples of it have long been known. It is more particularly 
observable among the basic rocks, where magnetic and titaniferous 
iron have made their appearance among the latest prc^lucts of segrega- 
tion within the intruded magma In banded gabbros, for instance, 
some of the dark layers are in large measure made up of iron ores. The 
great Norwegian aggregates of titfiniferous iron are found in basic igneous 
rocks (labradorite-rock, norite, gabbro, (fee.), and even penetrate the adjacent 
formations as intrusive dykes.^ In Canada also largo masses of titan- 
iferous magnetite in like manner belong to a great series of basic eruptive 
rocks and form groups of hills.*^ The segregation of chromite in peri- 
dotites is another example of the same process.*^ Subsequent extreme 
terrestrial disturbances have in the case of the most ancient ore-bodies of 
this kind ’ imparted a schistose structure to the igneous rock, so that the 
ores now appear intercalated among gneisses and crysbilline schists. 

(б) Much more frequent is the accumulation of ores in fissures and 
other cavities among the rocks that surround a large eruptive mass. The 
connection between such ores and an adjacent platonic intrusion is so 
frequent and obvious that it cannot be regained as accidental. It clearly 
points to a genetic relation between the metals and the intrusive rock, 

quartz Veins of Nevada City and Gitiss Valley, Califoniia,” 17tli J Jirp. U.S, G. S. Part 
ii. (1896), pp. 13-269 ; W. Liudgren, “ The Gold and Silver Veins of Idaho,” 20th A iui. Jtflj), 

G. S, Part iii. (1900), pp. 65-266 ; the sanio volume contains a loiij? paper hy Messrs. 
Weed and Pirsson on similar phenomena in Montana, i)p. 271-581. Messrs. Hatch and 
Chalmers have described ‘The Gold Mines of the Rand,’ London, 1895. Anionf? the con- 
tributions of a theoretical kind Professor Vogt’s pafjers deserve careful perusal. They will bo 
found ill OeoL Forau Slockhobn^ xiii. (1891), pp. 476, 683 ; xiv. p. 212 (pneumatolytic pro- 
cesses in gabbro) ; pp. 315, 483 ; xvi. 275 ; ZdMi, ProM. (feoL 1893, 1894, 1895, 1898, 
1899, 1900, 1901 ; Tnuia. Amer. InsL Min, Enrjin, 1901 ; (hmpt, rend. Congr. UeoL 
Internat. Zurich, 1894, p. 382 ; Forges Geol. Und&rsUg. 1892. 

^ Vogt, Forges Oeol, Umlersug, 1892. 

® P. D. Adams, ./«//'/’&. Beilag, Bd. viiL i). 419; Min. .L-lsm*. Qnehet'.. 1894. See also 
J. P. Kemp, School of Mines Quarterly, New York, July and November 1899. 

Vogt (“Problems in the Geology of Ore Deposits”), Tram. Amer. Inst. Min. Eng in. 
1901), who cites other illustrations, though lie thinks that the list can never become largo. 
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and indicates that the agents by which their separation was effected werS 
those mineralising vapours and gases which have been so often alluded 
to in previous pages of this text-book Steam or water-gas at a 
high temperature and great pressure has no doubt been largely 
instrumental in the transference of the ores. Thus around large 
bosses of gmnite, the steam, charged with compounds of fluorine, 
boron, and phosphorus, has carried over from the still unsolidified 
granite the tin-ore whicli, with its accompanying minerals, is such a 
characteristic metal in the surrounding veins. Again, next to large 
masses of gabbro veins of apatite are sometimes conspicuous, as in Norway 
and Northern Sweden. Professor Vogt has shown reason to believe that 
in each case the material that fills the veins was probably extracted from 
the magma l)y a reaction, in the presence of water, of hydrochloiic (or, 
as the case may be, hydrofluoric) acid dissolved in the magma. The 
mineral veins which can be ascribed to this process may extend to a 
horizontal disbince of a mile or more from the eruptive mass, but still 
lie within the areole of contact-motamorphism. They often appear at or 
close to the boundary of the eruptive mass, and even when at their greatest 
horizontal distance from its outcrop they may not improbably be much 
nearer to it in vertical descent below. These features are chai*acteristically 
displayed in such mining districts as Cornwall, Southern Hungary, Elba, 
and Christiania. The ores consist of magnetite, specular iron, ciissiterite, 
sulphides of co[)per, lead, zinc, &c. 

2. Solution Ores. — Though no satisfactory division can be made 
between these and those last described, it is useful to keep by themselves 
those ore-deposits which stand in no obvious relation to any eruptive 
mass visible at the surface, though of course many of them may be con- 
nected with (leei)-soatod igneous masses, which have Tiot been exposed. 
Much diversity of opinion still exists as to the source of the metal in 
these accumulations. Of the various theories that have been proposed 
the following are the most noteworthy : (1) luatoral segregation, whereby 
the substances in the veins have been derived from the adjacent rocks by 
a process of leaching or solution and redeposit, carried on by the circula- 
tion of water through the terrestrial crust. The fact that the nature 
and amount of the minerals, and especn'ally of the ores, in veins, so often 
vary with the composition of the surrounding rocks is dwelt on by those 
who hold this view as a proof that those rocks have had an influence on 
the precipitation of mineral matter iu the fissures passing through them, 
and were probably thomsolvos the source from which the meUls were 
obtfiinod. It is pointed out that chemical analysis has revejiled the 
presence of rniuntc <iuantitios of mottillic ores dispersed through the 
substjAUce of the rocks surrounding mineral-veins, that by isolating some 
of the more fre<iuent silicates found as rock-coustituents (such as augite, 
hornblende, and mica), iron, nickel, co])por, cobalt, arsenic, antimony, 
tin, have been found in appreciable (juantity, and that stratified 
rocks also, when subjected to sufficiently delicate analysis, reveal 
the presence in them of the metals and non-metallic substances that 
constitute mineral-vciris ; clay-slates, for example, having been found to 
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contain copper, zinc, lead, arsenic, antimony, tin, cobalt and nickel.^ 
It is further argued that only on the assumption that the water is of 
meteoric origin and belongs to the outer part of the crust, can the fact 
be explained that mineral-veins are so often found to become thinner 
and poorer as they are followed downward. It is likewise maintained 
that below an extreme depth of some 10,000 metres, or seven or eight 
miles, the pressure must Ije so great that no hssure ca:n remain open, but 
if formed by any great disturbance of the crust must be immediately 
closed again. There can indeed be little doubt that a vast amount of 
solution and redeposit of mineral matter within the crust of the earth 
must be effected by the circulation of meteoric water, some of which may 
have its energy increased by the earth’s internal heat, and that fissures 
may thus conceivably be filled up with new mineral deposits. But 
strong objections have been urged against this explanation as a general 
theory of the origin of mineral veins. The frequent association of mineral 
veins with ancient protrusions of eruptive mateiial and with modern 
volcanic action, the generally observed dryness of deep mines which 
appear to descend below the usual limit of the circulation of ground- 
water, and the continuance of mineral veins down through those dry parts 
of the crust as far as mining operations have been earned, are urged as 
inexplicable on the supposition that meteoric water is the only or even 
the chief source from which mineral veins have been supplied. 

(2) Ascent from below — the minerals and ores having been introduced 
by (a) sublimation, or {h) by igneous fusion, or (c) by hot aqueous vapour 
escaping from the magma underneath. Sublimation takes place in the 
upper part of a volcanic chimney, among the crevices into which the hot’ 
vapours and gases enter, but has proliably played little or no part in the 
formation of mineral veins. Igneous injection may take place at the 
edge of an igneous mass, as in the case of magmatic segregations like 
those of the titaiiiferous iron-ores above referred to in connection with 
the differentiation of gabbro and allied rocks. But the most cursory 
acquaintance with ordinary mineral-veins suffices to assure us that in 
their production the injection of igneous material can have had no share. 

We are thus left Avith only the heated solutions that escape from the 
internal magma through such fissures as may bo opened in the ov(‘.rlying 
crust. To the objection that such fissures cannot exist save in the outer few 
thousand metres of the crust, it may be answered that while our know- 
ledge of the conditions of the earth’s interior is not such as to warrant 
us in fixing a limit to the downward extension of fissures, we do not 
need to suppose them to descend any deeper than to come within the 
influence of the magma. We are absolutely ignorant at what depth this 
magma may be reached at any one part of the earth’s surface; Imt wo 
do know that at volcanic vents it actually comes up to the surface and 

^ This view of the subject has been espoused and exha\istively discussed by Professor F. 
Sandberger in his ‘ Untersuchuiigeii iiber ErzgKnge,’ Part i. It is also cogently supported 
by Mr. Van Hise, Trails, Amer, Inst, Min, Mif/m, xxx. (1900) ; Jcnmi, <Jeol, viii* (1900), 
pp. 730-770 ; and htw recently been discussed by Mr. W. H. Weed, Amn. GeoL xxi. 
(1902), p. 170. 
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sometimes rises, as in Cotopaxi, 19,000 feet above it. There does not 
therefore appear to bo any insuperable difficulty in the assumption, that 
the heated vapours of the magma may find their way up rents in the 
crust even when the magma itself has been unable to follow them. That 
the hot waters which rise from the interior, especially in volcanic districts, ■ 
bring up to the surface mineral solutions such as those that must have 
been in operation for the infilling of mineral veins, admits of no doubt. 
Various minerals, including silica, both crystalline and chalcedonic, metallic 
sulphides, and even metallic gold, are held in solution and deposited by 
the hot waters of California and Nevada, where metalliferous lodes may 
thus be in course of formation at the present day.^ In the solfatara 
of Lake County, California, the sulphur contains cinnabar, and .the rocks 
through which the waters issue are coated with gelatinous silica resting 
on chalcedony, beneath which lies crystalline quartz. Again, the hot 
waters of Steamboat Springs, Nevada, are now depositing gold, probably 
in the metallic state ; sulphides of arsenic, antimony, and mercury ; 
sulphides or sulpho-salts of silver, lead, copper, and zinc ; iron-oxide and 
possibly also iron-sulphides ; manganese, nickel, and cobalt compounds, 
with a variety of earthy minerals.*^ At a short distance from those 
springs, a group of fissures that still give off steam and cai'bonic acid 
have been filled with hyaline and crystalline silica. The quartz contains 
oxides of iron and manganese, sulphides of iron and copper, and traces of 
gold. A few miles distant is the famous Comstock Lode, which has 
evidently been formed in a similar manner by ascending hot water, and 
from which a vast amount of silver and gold has been obtained. 

The obvious genetic relation between mineral veins and eruptive 
bosses, above referred to, and the association of the same peculiar 
minerals both in these veins and in the pegmatites that surround the 
bosses, justify the confident belief that, in these instances at least, the 
common source of all the minerals and ores has been the eruptive magma 
which furnished the intrusive masses, and likewise the vapours and 
mineralising agents that have affected all the sun*oundiiig rocks for a 
distance of a mile or more. If this intimate relationship can be established 
in the case of mineral veins which are connected with enipbivo bosses that 
have by denudation been exposed at the surface, it is not illogical to 
infer that the same connection probably exists in the case of other veins 
which have no visible connection with any intrusive masses as yet 
revealed at the surface. Such masses may exist below at no very great 
depth. The general deduction, therefore, appears to me to bo well 
founded, that while lateral segregation must be recognised as a possible 
contributing cause, the main agency in the foimation of mineral veins is 
to be sought in the ascent of heated waters which could only have 
derived their pneumatolitic efficacy from the internal magma.** 

1 J. A. Plimips, q, J. O, XXXV. p. 890. W. H. Weed, 21st Am. Rep. XX.^. O. S. 
Part ii. (1900) p. 217. 

® G. P. Bocker, Am&r. Journ. M. xxxiii. (1887), p. 200, 

® See a paper by Professor J. P. Keuip “On the rOle of the Igneous Rocks in the 
formation of Veins,” Contrib. Oeol. Cohmibm Univ. ix. (1901), No. 77. J. B. Hill, 
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As the solutions, in their ascent from below, reach cooler parts of the 
earth’s crust, they doubtless begin to deposit their mineral contents on the 
walls between which they rise. In their progress they necessarily induce 
chemical and mineralogical changes in the surrounding rocks, which 
thus undergo various transfonnations, being sometimes weakened l^y 
the removal of certain constituents, as in propylitisation (p. 772) and 
kaohnisation (p. 104), and sometimes rendered more compact and crystal- 
line by the introduction of new ingredients, as in the production of schorl- 
rock, topaz-rock and the felsparless rock known as greisen.^ 

3. Superficial ores in sedimentary deposits. — Those are mainly 
of two kinds, {a) Formed of fragments of old ores which in the denuda- 
tion of a region have been worn away, and of which the detritus is 
collected in differeiit sedimentary deposits. Examples of this type arc 
seen in the 'placer workings of gold in the alluvium of modern or /incicnt 
rivers and the siream-worh in which tinstone sand is collected. (/>) 
Formed by precipitation from a<[neous solution, as in the dcjposits of 
bog-iron-ore and lake-ore, already described (p. 18C). Ancient examples 
of this type prove that similar concentration and deposition has taken 
place in the waters of all geological periods, and that the agency of both 
plants and animals has contributed towards the elimination of the ores 
from aqueous solution. The ironstones of the (.!oal-moasures and the 
Jurassic rocks of Britain and the copper-ores of the Kupferschiofer of 
Germany may l)e cited in illustration. Ores contemporaneously deposited 
in sedimentary strata obviously do not reqnii-e separate consideration hi‘i*e, 
seeing that they are subject to the ordinary structures aiul vaiiutious of 
stratified rocks, which have already been discussed in Book IV. l^irt I. 
We may therefore restrict the following descriptions to those forms of 
accumulation wliich present peculiar structures, and which for their 
geological interest and economic importjiiice merit more detailed notice. 

S i. Mineral-Veins or Lodes. 

A tme mineral-vein consists of one or more minerals dej)ositC(l ^within 
a fissure of the earth’s crust, and is usually inclined at from 10® to 20’ 
from the vertical. The bounding surfaces of such a vein are ternuMl 
walls, and, where inclined, that which is uppermost is known as the 
kuiging^ and that which is lowest as the hilug or foot wall. The sur- 
rounding rock, through which veins run, is termed the country or 
country-rock. Mineral veins are composed of {o) masses or layers of 
simple minerals without metallic ores, or (/>) of such minerals (ItM’ined 
vBWrBtonei^) intermingled or alternating with metallic ores. They an^ 
distinct from the surrounding rock, and are evidently the n^sult of 
separate deposition. They are commonly most fnjqnent and most 

“The Plutonic and other intniaivo Bocks of West Cornwall in their reliitiou to the Mineral 
Ores,” Tram, Roy, (hoi, Oormwll, xii. (3901), 3*art vii. 

^ See W. Liudgron, “ Metasonintic Pmeessea in Fissnre- Veins,” Tram, Amrr, Iasi, Jfftt, 
Engin, xxx. p. 578, 
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metalliferous in districts where eruptive rocks are abundant. A vein 
generally coincides with a line of fault or of joint, but is independent of 
the bedding or foliation of the “ country.” Cases occur among crystalline 
massive rocks, however, and still more frequently among limestones, 
where the introduction of mineral matter has taken place along gently 
inclined or even horizontal planes, such as those of stratification, and the 
veins then look like interstratified beds, or where the infiltration has 
proceeded along vertical lines, like igneous dykes or veins. Some remark- 
able examples of this form of interpenetration of mineral matter have 
already been noticed from the mining region of Cornwall (ante, p. 778). 

Variations in breadth. — Mineral-veins vary in breadth from a 
mere paper-like film up to a great wall of rock 150 feet wide or more. 


u 


n 


^t> 




Fig. 840.— Widening of a llBsui*e by ndativo shifting of its Bido (t)«' la Boclu*). 


The simplest kinds are the threads or strings of calcite and quartz, so 
frequently to be observed among the more ancient, and especially more 
or less altered, rocks. These may be seen running in parallel lines, or 
ramifying into an intricate network, sometimes uniting into thick branches 
and again rapidly thiiming away. Considerable variations in breadth 
may be traced in the same vein. These may be accounted for by unequal 
solution and removal of the walls of a fissure, as in the action of per- 
meating water upon a calcareous rock; by the irregular opening of a 
rent, or by a shift of the walls of a sinuous or 
irregularly defined fissure. In the last-named 
case, the vein may be strikingly unequal in 
breadth, here and there nearly disappearing 
by the convergence of the walls, and then 
rapidly swelling out and again ^diminishing. 

How simply this irregularity may bo accounted 
for will be readily perceived by merely copying 
the -line of such an uneven fissure on tnxeing 
paper and shifting the tracing along the line 
of the original. If, for example, the fissure 
be assumed to have the form shown at a h, in 
the first line (Fig. 346), a slight shifting of one side to the right, as at 
a' h' in the second line, will allow the two oj)posite walls to touch at 
only the points o o, while open spaces will be left at c r. d A move- 
ment to the same extent in the reverse direction would give rise to a 
more continuously open fissure, as in the third line. That shiftings of 
this nature have occurred to an enormous extent in the fissures filled 



Fiy. 847.— Section of a llKBuro nearly 
llliod witli one ininenil (t* c) •'but 
witli a portion of the flsHure (a hy 
Btlll open (R.), 
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with, mineral-veins, is shown by their abundant slickensides (p. 661 ). 
The polished and striated walls have been coated with mineral matter, 
which has subsequently been similarly polished and grooved by a renewal 
of the slipping. 


Structure and contents. — 
that is, consisting entirely of one 



Fig. 848. — Section of Mineral-\'’ein with Hyiii- 
metrical disposition of duplicate laj’ers. 


A mineral-vein may be either simple, 
mineral, or compound, consisting of 
several ; and may or may not be 
metalliferous. The minerals are 
usually crystalline, but layers or 
irregular patches of soft decomposed 
earth, clay, &c., frequently accom- 
|i|!^ pany them, especially as a layer on 
the wall-face (Jliican). The non- 
metalliferous minerals are known as 
gangue or vein-stones, the more 
crystalline Ijeing often also popularly 
classed as spars. The metal-bear- 
ing minerals are known as ores. 
The commonest vein - stones are 


quartz (usually either crystalline or crypto-crystalline, with numerous 
fluid-inclusions), calcite, barytes, and fluorite. The presence of silica 
is revealed not only by the quartz, but by the hard siliceous bands 
so often observable along the ^Yalls of a vein. These can often be 
determined to be portions of the “country” which have been in- 
durated by the deposition of silica in their pores. The ores are some- 
times native metals, especially in the case of copper and gold ; but for 
the most part are oxides, silicates, carbonates, sulphides, chloiidos, or 
other combinations. Some of the contents of mineral-veins are associated 


with certain minerals more usually than with others, as galena with 
blende, pyrite vnth. chalcopyrite, gold with quartz, magnetite with chlorite. 
Of the manner in which the contents of a mineral-vein are disposed the 
following are the chief varieties. 


(1) Massive. — Showing no definite an’angemont of the contents. This struclnro is 
especially characteristic of veins consisting of a single mineral, as of calcite, (luartz, or 
barytes. Some metalliferous ores (pyrites, limonite) likewise assume it. 

(2) Banded, comby, in paitillel (and sometimes exactly duplicated) layers or 
combs. In this common arrangement, each wall {a a, Fig. 34S) may be coated with a 
layer of the same material, perha])S some ore or flucau (h h)^ followed on the inside 
by another layer {c c), perhaps quartz, then by layeivs of calcite, lluor-spur, or otlnu’ 
veinstone, with stiings or layera of ore, to the centre, where the two opposite walls may 
be finally united by the last zone of dfeposit (i). Even whore each half of tluj vein in 
not strictly a duplicate of the other, the same parallelism of distinct layers may bo 
ti’aced. 

(3) Brocciated, containing angular fragments of the surrounding “countiy,” 
cemented in a matrix of veinstones or ores. It may often be observed that these frag- 
ments are completely enclosed within the matrix of the vein, which must have been 
5 >artially open, with the matrix still in course of deposit, when they were detached from 
the parent rock. Large blocks {riders) may be thus enclosed. 

(4) Drusy, containing or made up of cavities lined with crystalline minerals. The 
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central parts of veins frer^iiently i)rc‘sent this structure, particularly where tlie minerals 
have been deposited fi’oni each side towards the middle. 

(5) Filamentous, having tlie minerals disposed in thread-like veins ; this is one of 
the commonest structures. 

Metallic ores occur under a variety of forms in mineral- veins. Sometimes they 

•are disseminated in minute grains or fine threads (gold, pyrites), or gathered into 
irregular strings, brandies, bunches, or loaf-like expansions (native copper), or disposed 
in layera alternating with the veinstones parallel with the walls of the vein (most 
metallic ores), or forming the whole of the vein (pyrites, and occasionally galena), or 
lining drusy cavities, both on a small scale and in large chambers (hfiematite, galena). 
Some ores are frequently found in association (galena and blende), or are noted for 
containing vniiable projiortions of anotlier metal (argentiferous galena, auriferous 
pyrites, titaniferous magnetite). 


./■ 



FI}5. 3411.— -Sectiini of WlK^d Juliu Cornwall 
sliowin}; llv(‘ HuccesHive openings of the same 
llsHuro (/i.). 

i'//> Copper-pyrites and blende ; d, c, h, •/, quartz 
In crystals pointing inwjwls ; a, clay ; >/, empty 
space. 


Fiji. 3 A 0 .— Section of jmrt of a Lode, Goilidpldu 
Bridge, Cornwall (Ji.). 

e, Quartz coating cln‘elc (if vein ; (piartz-crystals 
pointing inward ; i; r, afaitiforni silica ; d, thick 
layer of eopper-pyrltett. 


Successive infilling of veins. — The symmetricul disposition re- 
presented in Fig. 348 shows that the fissure remained open and had its walls 
coated fii’st with the layers 1/ Ik Thereafter the still open, or subsequently 
widened, cleft received a second layer {o c) on each face, and so on pro- 
gressively until the whole was filled up, or imtil only cavernous spaces 
(druses) lined with crystals wore left. In such cases, no evidence exists 
of any terrestrial movement during the process of successive deposition. 
The fissure may have been originally as wide as the present vein, or may 
have been widened during the accumulation of mineral matter, so 
gradually and gently .as not to disturb the gathohrig layers. But in 
many instances, as above stated, proofs remain of a series of disturbances 
whereby the formation of the vein was accelerated or interrupted. Thus 
at the Wheal Julia Lode, Cornwall, the central :fione (« in Fig. 349) is 
formed of quartz-crystals })ointing as usual from the sides towards the 
centre of the vein, but it is only one of five similar zones, each of which 
marks an opening of the fissure and the subsequent closing of it by a 
deposit of mineral matter along the walls.^ The occurrence of dilferent 
layers on the two walls of a vein may sometimes indicate successive open- 
ings of the fissure. In Fig. 350 the fissure at one time, no doubt, 

^ De la Beebe, ‘Geological Observer,’ p. 698. • 
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extended no farther than between 1 and 2. Whether the hand of copper 
pyrites had already filled up the fissure, previous to the opening which 
allowed the deposit of the silica, or was introduced into a fissure opened 
between 2 and 3 after the deposit of the silica, is uncertain.^ 

The occurrence of rounded pebbles of slate, quartz, and granite in the 
lodes of Cornwall at depths of 600 feet from the surface, of gneiss in the 
vein at Joachimsthal at 1150 feet, and of Liassic land and freshwater 
shells at 270 feet in veins traversing the Carboniferous Limestone of the 
Mendip Hills and South Wales, seems to indicate that fissures may 
remain sufficiently open to allow of the introduction of water-worn stones 
and terrestrial organisms from the surface even down to considerable 
depths.^ 

Connection of veins wdth faults and cross-veins. — While the 
interspaces between any divisional planes in rocks may serve as receptacles 



Fig. 861.— Plan of Wlieal Fortunn rjO<le, Conumll 

7 2 »i, lodes of which the nmin one splits up towards cast and west, tmversing elvnn dykes, c e, hut 
cut by faults or cross-courses, d d Scale one inch to a mile. 


of mineral depositions, the largest and most continuous veins have for 
the most part been formed in lines of fault. These may be traced, some- 
times in a nearly straight course, for many miles across a country, and as 
far dowward as mining operations have been able to descend. Some- 
times veins are themselves faulted and crossed by other veins. Tjiko 
ordinary faults also^ they are apt to split up at their terminations. 

These features are well exhibited in some of 
the mining districts of Cornwall (Fig. .351). 

The intersections of mineral - veins do 
not always at once betray which is the 
older series. If a vein has really been 
shifted by another, it must of course be 
older than the latter. But the evidence of 
displacement may he deceptive. In such a 
section as that in Fig. 352, for example, a 
cursory examination might suggest the inference that the vein d e must 
he later than the dyke or vein a b, by which its course appears to have 
been shifted. Should more careful scrutiny, however, lead to the 
detection of the vein crossing the supposed later mass at r, it would 

’ De la Beclie, op. cit. p. 699. 

“ De la Beclie, op. cit. p. 696. Moore, Q. J. O. 483; Brit. Assoc. 1860, p. 360. 



Fig. 362— Dccoptivft shlfLIng of 
a V«‘In (7J.). 
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be clear that this inference must be incorrect.^ In mineml districts, 
different series or systems of mineral-veins can generally be traced, one 
crossing another, belonging to different periods, and not infrequently 
filled with different ores and veinstones. In the south-west of 
England, for example, a series of fissures running N. and S., or N.N.W. 
and S.S.E., traverses another series, which runs in a more east and west 
direction (W.S.W. to E.N.E., or W.N.W. to E.S.E.). The latter (c c, d d, 
Fig. 353) in Cornwall contain the chief copper and tin ores, while the 
cross-courses (b b) contain lead and iron. The east and west lodes in the 
west part of the region were formed before those which cross them, for 
they are shifted, and their contents are broken through by the latter. 



Fig. 853.— General Map of l^Mssuros in the mineral tmcta ol’H.W. Bnglaud (/»*.). 


To the east, near Exeter, the east and west faults a a are later than the 
New lied Sandstone, and in Somerset than the Lias.® 

Eelation of contents of veins to surrounding rock. — In 
general the deposition of ' metallic ores in mineral-veins has been in- 
dependent of the varying petrographical nature of the country-rock.® 
Nevertheless it has long been familiar to miners that, in some regions 
where a vein traverses various kinds of rocks,” it may be generally 
richer in ore when crossing or touching some than others. In the north 
of England, for example, the galena is • always most abundant in the 
limestones and scarcest in the shales, the veins in the Great Limestone 
(which is 150 feet thick or less) having produced ns much lead as all 
the rest of a mass of 2000 feet of strata put together.^ In Cornwall 
and Devon, it has been observed that some lodes yield tin where they 

^ De la Beolie, op. ait. p. Co 7. 

- Be la Beclie, tp. cU. p. 669. 

^ Vogt, Tmns, Amer, IuhL Min, Engin, Feb. 1901, p. 20 of reprint. 

* The gi'eater immber aud breadth of mineral veiuH in limestone may be due to the 
comparatively rapid solution of that rock by water percolating along Joints or other divisional 
planes, with the consequent production of open chasms and chambers which would not be 
formed in such material as shale. 
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cross granite, and copper where they traverse slate ; the same lode, as 
at Botallack, may cross three times from the one rock into the other, 
and each time the same change of metallic contents takes place. Some 
of the lodes, which are poor in ore in the slate, become rich as they 

cross an elvan (Fig. 354), or, on the other 
hand, the ore is so split np into strings in 
elvan, as to be much less valuable than 
ill the slate. 

Decomposition and recomposition in 
mineral-veins. — It has been noticed that the 
“ country” through which mineral- veins run is 
often considerably decomposed. In Cornwall, 
\ specially observable in the granite. 

Round the Comstock Lode also, the diabase is 
^ particulai'ly decayed. Besides the large series 
' of complex chemical reactions brought about 

traversedbyametallicvein(«<'/<0. pncumatolytic VapOUl’S and SOlutlOllS 

wiiich difis out as it] lasses into the which, whether emanating from a magma that 
GuiMa^Cft^ bosses of eruptive matoiial 

or is still concealed within the crust, have 
traversed the “ country ” rocks,^ extensive alterations have likewise been 
subsequently effected by the percolation of meteoric waters in the upper 
parts of the terrestrial crust. Partly to this cause is perhaps to be 
assigned the widespread kaolinisation of granite and of the argillaceous 
slates in many mining regions. The water removes most of the alkalies 
and alkaline earths in solution as carbonates, and some of the silica is 
likewise abstracted. It is common to find in mineral-veins layers of 
clay, earth, or other soft friable loamy substances, to which various 
mining names are given. The great majority of the remarkable minerals 
of the south-west of England occur in those parts of the Ibdes where 
such soft earths abound. These veins have evidently served as channels 
•for the circulation of water both upward and downward, and to this 
circulation the decay of some bands into mere clay or earth, and the 
recrystallization of part of thoir ingredients into rare or interesting 
minerals, are doubtless to be ascribed. It is observable, also, that the 
upper parts of pyritous mineral-veins, as they approach the surface of 
the ground, are usually more or less decomposed from the infiltration 
of meteoric water, siliceous peroxide of iron and limonite being especially 
predominant. (Gossan of Cornwall, p. 93, Chapeau de Fer, Eiserncr Hut,) 


§ ii. Stocks and Stock-works. (Stdeke, Stockworke.) 

Cavernous spaces dissolved out of such rocks as limestone, or cauRcd 
by rupture or otherwise, may be of indeterminate shape, and may 
be filled with one or more veinstones or ores, either in symmetrical zones 
following the outline of walls, floor, and I'oof, or in parallel and roughly 
horizontal bands (Fig. 355). Irregular metalliferous masses of this kind 
^ Sec Vogt, op, citj and Lmclgreu’s paper cited an ft', p. 812. 
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have long been known in Germany by the name of Stodce (Stocks) when 
of large size, smaller aggregations being known as Butzeii (cones) and 
Nt'der (tufts). The size of these indefinite accuigaulations of ore varies 
from mere nests up to masses 800 feet or more in one direction by 200 
ieet or more in another. Haematite, brown iron-ore, and galena not in- 
frequently occur in this form in limestone, as in the “ pockets ” of hajma- 
tite and “ flat-works ” of galena in the Carboniferous Limestone, and more 
notably in the ore “ chambers ” of the Eureka and Itichmond mines of 
Nevada, and the Emma, Flagstaff, and other mines in Utah, from which, 
in recent years, such vast quantities of ore have been obtjiined The 
‘‘gash” or “rake” veins of galena in the north of England occur in 
vertical joints of limestone which have been widened by solution, and are 
sometimes completely cut off underneath by the floor of shale or sand- 
stone on which the limestone lies. Lenticular aggregations of ore and 



b’ig. ano.—ScJctioii of Miruiinl dopoHits lu liuioHtoui', l>»‘i’byHhlrc (J!.). 
a a', Carboniforoufl Liiiiestoiio with intercnlnled b(‘d of tailt (“ tojulstone ” h); hli h h, joints 
ti'aviii’slng tho linieatoiio ; -< j 7 , k </, c, vohiH tiiivorHiug all tlui vooUh ami containing veinatoncR 
and ores ; /, wpaces between the beds (nilargod by solution and llllod with iiiiiioralH or oi*es (“ flat- 
, works”); PP, large irxi’gtilar cavemoiis .siwcch dissolved out of the rock and filled with ininorala 
an<l ores. 

veinstone found in granite, as in the south-west of England, are known 
as Carbon as; they arc usually connected with true fissure-veins. 

The ongin of the laigc spaces in various kinds of rock, now filled with 
veinstones and ores, has been refen’cd to solution by underground waters. 
In the case of limestone, the removal of the rock by descending meteoric 
water containing cfirboiiic acid in solution, and the consequent production 
of caverns and tunnels, are familiar and easily imdorstood. The formation 
of large chambers in such rocks as granite is not so intolligilile. Vossilfiy 
no such chambers were over produced as empty spaces, but by a process 
of substitution the hot ascending solutions decomposed the silicates, 
preferentially in ccrbiin weak parts of the rock, and gi-adually replaced 
them with the pneumatolitic minerals and ores. Mr. Kendall has 
suggested such an origin even for the largo hcomatitio deposits that 
occupy irregular cavernous spaces in the Carboniferous Limestone of 
the Lake District. He has pointed out as proof of substitution that the 
fossils of that limestone have here and there been replaced by hiomatito.^ 
Stock-works are portions of the surrounding rock or “country’’ so 
charged with veins, nests, and impregnations of ore that they can be 
worked ns metalliferous deposits. The tin stock-works of Cornwall and 

^ Narth of Knglaml husL Min, and M&ihan, JSugin, .vxviii. Part iii. and xxsi. Pari. v. ; 
Tmna^ Manckestcr OcaJ. 1884. 
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Silxony are good examples. Sometimes a succession of such stock-works 
may be observed in the same mine. Among the granites, el vans, and 
Devonian slates of Cornwall, tin-ore has segregated in rudely parallel 
zones or “floors.” At BotaUack, at the side of ordinary tin lodes, floors 
of tin-ore from six to twelve feet thick and from ten to forty feet broadr 
occur. The name of Eahlbands has been given to portions of “ country ” 
which have been impregnated with ores along parallel belts. 

Part X. Unconforiviability. 

Where one series of rocks, whether of aqueous or igneous origin, has 
been laid down continuously and without disturbance upon another series, 
they are said^io be confmnuhle. Thus in Fig. 356, the sheets of con- 



Pig. 30(j.--XJiiconformabillty ^iinoiig horizontal Htrata. Lias resting on Carboniferous 
Limestone, Glamorgansbire (B). 

glomerate (6 6) and clay and shales (c d\ have succeeded each other in 
regular order, and exhibit a perfect confmmability. They ovet'lap eacli 
other, however, each bed extending beyond the edge of that below it, 
and thereby indicating a gradual subsidence and enlargement of the area 
of deposit (p. 653). But all these conformable beds repose against an 
older platform a a, with which they have no unbroken continuity. Such 
a surface of junction is called an uncovifm'mahilitif, and the upper are said to 
be unconforimUe on the lower rocks. The latter may consist of horizontal 
or inclined clastic strata, or contorted schists, or eruptive massive rocks. 
In any case, there is a complete stratigraphical break between them and 
the overlying formation, the beds of which rest successively on dijfferent 
parts of the older mass. 

It is evident that this structure may occur in ordinary sedimentary, 
igneous, or metamorphic rocks, or between any two of these great series. 
It is most familiarly displayed among clastic formations, and can there be 
most satisfactorily studied, since the lines of bedding furnish a ready 
means of detecting differences of inclination and discordance of super- 
position. But even among igneous protrusions, and in ancient meta- 
morphic m^sfes, distinct evidence of unconformability is occasionally 
traceable. NAVherever one series of rocks is found to rest upon a highly 
denuded surface of an older series, the junction is unconformable.^ 

1 The occurrence of considerable contemporaneous erosion between undoubtedly confonn- 
able strata belonging to one continuous geological series has already (pp. 639-642) been 
described. 
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Hence, an uneven irregularly-worn platform below a succession of mutu- 
ally conformable rocks is one of the most characteristic features of this 
kind of structure. 

It has already been pointed out, that though conformable rocks may 
•usually be presumed to have followed each other continuously without 
any great disturbance of geographical conditions, we cannot always be 
safe in such an inference. mJBixt an unconformability leaves no room to 
doubt that it marks a decided break in the continuit}^ of deposit. Hence 
no kind of geological structure is of higher importance in the interpreta- 
tion of the history of the stratified formations of a country. In rare 
cases, an unco nformability may occui* between two horizontal groups of 
gtfS®! On tlic”lcTt“ 'side of Fig. ooG, for instance, tlie beds ti follow 
horizontally upon the horizon till beds (a). Were merely a limited section 
visible, disclosing only this relation of the rocks, the two groups a and d 
might be mistaken for conformable portions of one continuous series. 
Further examination, however, would load to the detection of evidence 
that the limestone a had been upraised and unequally denuded before the 
deposition of the overlying strata h c d. This denudation would show 
that the apparent conformability was merely local and accidental, the 
older rock having really been upraised and worn down before the forma- 
tion of the newer. In such a case, the upheaval must have been so 
uniform over some tracts as not to disturb the horizontality of the lower 
strata, so that the younger deposits lie in apparent conformability upon 
them. 


As a rule, however, it seldom happens that movements of this kind 

have taken place over an extensive area 

so equably as not to produce a want of 
coincidence somewhere between the older 
and newer rocks. Most froq uentlj!! the 
older formations,, haye Too^h tilted at ** 
various “aiiglcs, or ev(*ii ])hiccd c)n (mkI. 

The5^'have likewise been iiTeguhxrly aiicr^ 

often enomously worn clown. Ilonco vi., 3;,7.-[j..co..fl.nnai.iUt.y iK-tooen Uori- 
instead of lying parallel, the younger zontal and inclined strata, inferior 
beds run transgrossively across the up- Ooiito Of 1 ^) r«>HtinK on carbon ifnrons 

^ 1 , 1 n J r J.1 n rm LnncHtone (r-) ; Froinfi, Homorset (Ji,) 

turned denuded ends of the older. The 


LiincHtone (r-) ; Fromo, Hotnorsc't (7»‘.) 


gi'eater the disturbance of the older rocks, the more marked is the 
unconforraahility. In Fig. 357 the lower series of hods (f.) has been 
upturned and denuded before the deposition of the upper series (a h) ujiGn 
it. In this instance, the upper worn surface of the limestone (e) has been 
perforated by boring mollusks below the sandy stratum (h). 

An unconformability forms one of the great breaks in the geological 
record. In Fig. 2-2C (p. 653), by way of illustration, we see at once that 
a notable hiatus in doppsition, and therefore in geological chronology, must 
exist between the older conformable series, a h d, and the later strata by 
which these are covered. The former had been deposited, folded, up- 
heaved, and worn down before the accumulation of the newer series upon 
their denuded edges. These changes must have demanded a consider- 
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able lapse of time. Yet, looking merely at the structure in itself, we 
have evidently no means of fixing, even relatively, the length of interval 
marked by an unconformability. By ascertaining, from some other 
region, the full suite of formations, we learn what members of the succes- 
sion are wanting. In this way, it would be discovered that the greater- 
part of the Carboniferous system, the whole of the Permian, and the 
Trias and the Lias are absent from the ground represented in Fig. 357 
(compare Fig. 226). The mere violence of contrast between a set of vertical 
beds below and a horizontal group above, is in itself no certainly reliable 
criterion of the relative lapse of time between their deposition; for 
obviously, an older portion of a given formation might be tilted on end, 
and be overlain unconformably by a later part of the same formation. A 
set of flat rocks of high geological antiquity may, on the other hand, be 
conformably covered by a formation of comparatively recent date, yet, in 
spite of the want of discordance between the two, they might have been 
separated by a large portion of the total sum of geological time. Further 
examination will usually suffice to show that the confomability in such 
cases is only partial or accidental, and that localities may be found where the 

formations are distinctly un conformable. 

From the centre of the section in Fig. 358, 
for example, the two groups of rocks might. 
Fig. a58.-Section of local deceptive on casual examination, be pronounced to 
confonrmbiiitj. Conformable. Yet at short distances on 

either side, proofs of violent unconformability are conspicuous. It some- 
times happens that more than one unconformability may be detected in 
the same section. In Fig. 344 (p. 793), for example, the ancient gneiss 
at the bottom has been enormously worn down before the deposition upon 
it of the unconformable Torridonian conglomerates and sandstones, which 
in turn are unconformably overlain by the much younger Cambrian 
deposits. This double break in the stratigiaphical sequence can be recog- 
nised even from a distance along the sides of some of the mountains in 
the west of Sutherland. If we pass from a single section to a wider tract 
of country a whole series of unconformabilities may be made out. In 






Fig. 359.— Diagraiinuatic section to show the successive unconfoniiabilities in the North of 

Scotland. 

«, Lewlsian gneiss ; h, Torridonian Sandstone ; c, Cambrian quartzite, limestone, &c. ; d, eastern gneiss 
or 3Ioiiie-schi8t (pp. *iOQ, 892) ; e, Old Bed Sandstone ; /, Triasslc and Jurassic formations ; g, fhig- 
nient of the Chalk ; h. Tertiary lavas of the great plateaux ; <, Boulder clay and glacial drifts lying 
on the denuded edges of older formations ; 1, 2, 3, 4, 5, G, 7, unconformabilities ; * Tlirust-plaiie. 


the north of Scotland, at least seven such breaks in the sequence of the 
formations can be observed, as shown diagrammatically in Fig. 359. 
The two earliest of these (1 and 2 in the figure) have just been referred 
to, the first between the Archaean gneiss (a) and the Torridon sandstone 
(6), and the second between that sandstone and the Cambrian series (g). 
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The latter has had piished over it on a great thrust-plane (p. 692) the 
whole vast, mass of the eastern gneissose flagstones or Moine- schists. 
The third unconformability, representing another vast interval of time, 
separates the Cambrian formations and the eastern gneisses (d) from the 
’ Old Red conglomerate and sandstone. Still more enormous must be the 
fourth gap in the chronology between that sandstone and the base of the 
Mesozoic formations (_/ ). A fifth break comes between the Jurassic series 
and the Cretaceous strata {g), for the Chalk is found to lie on the older 
part of that series and even on the pre-Cambrian rocks. The Cretaceous 
rocks have been removed by denudation from almost the whole region, 
save where they have been preserved under the thick cover of nearly flat 
unconfoimable older Tertiary basalts (/i and 6), which are once more 
unconformably overlain by the glacial drifts (i, 7) and post-Tertiary and 
recent deposits. The relative chronologiciil value of these several inter- 
ruptions of the stratigi'aphical sequence is not necessarily indicated by the 
violence of the unconformability. It must be considered with reference 
to the geologcal age of the fomations which are separated by the gap. 
In the following Book we shall consider how, by the evidence of organic 
remains, the relative importance of unconformabilities is ascertained. 

Paramount though the effect of an unconformability may be in the 
geological structure of a countiy, it must nevertheless, when viewed on 
the large scale, bo more or less local. The disturbance by which it was 
produced will usually be found to have affected a comparatively circum- 
scribed region, beyond the limits of which the continuity of sedimentation 
•may have been undisturl)ed. There is no satisfactory evidence of world- 
wide terrestrial movements by which stratigraphical breaks were pro- 
duced simultaneously over the whole globe. We may, therefore, generally 
expect to be able to fill up the gaps in one district or country from the 
more complete series of geological fonnations of another. 



BOOK V. 

PALEONTOLOGICAL GEOLOGY. 

PAL.EONTOLoaY treats of the structure, affinities, classification, distribu- 
tion in time and genetic relations of the forms of plant and animal life im- 
bedded in the rocks of the earth’s erust.^ Considered from the biological 
side, it is a part of zoology and botany. A proper knowledge of extinct 
organisms can only be attained by the study of living forms, while oui* 
acquaintance with the history and structure of modern organisms is 
amplified by the investigation of their extinct progenitors. Viewed, on 
the other hand, from the physical side, palseontology is a branch of 
geology. It is mainly in this latter aspect that it will here be discussed. 
Palaeontology or Palaeontological Geology deals with fossils or’ 
organic remains preserved in natui*al deposits, and endeavours to gather 
from them information jis to the history of the globe and its inhabitants. 
The tei-m fossil, meaning literally anything “dug up,” was formerly 
applied indiscriminately to any mineral substance taken out of the 
earth’s crust, whether organised or not. Ordinary minerals and I'ocks 
were thus included as fossils. For many years, however, the meaning 
of the word has been so restricted as to include only the remains or 
traces of plants and animals preserved in any natural formation, whether 
hard rock or loose superficial deposit The idea of antiquity or relative 
date is not necessarily involved in this conception of the term. Thus, 
the bones of a sheep buried under gravel and silt by a modern flood, and 
the obscure crystalline traces of a coral in ancient masses of limestone, 

^ Besides the general text-books enumerated on p. 7 the following treatises and papers 
on special branches or aspects of Paleontology may here be mentioned, A. Gaudry, * Les 
Enchainements du monde animal dans les temps G6ologiques— Mammifferes Tertiaires,* Paiis, 
1878 ; ‘ Les Enchainements &c.--Fossiles Primaires,’ 1883 ; * Essai de Paleontologie Plxilo- 
sophique,’ completing the ‘Enchainements,’ 1896. H. S. WiBiams, ‘ Geological Biology, 
an Introduction to the Geological History of Organisms,’ 1895. E. C. Cose, ‘The 
Development and Geological Relations of the Vertebrates—Fishes,’ Journ. Gcol. vii. p. 393 • 
‘Amphibia and- Reptilia,’ pp. 560, 622, 711 ; ‘Birds and Mammalia,* p. 816 and \di. p! 
163. C. A. Wliite, ‘ The Relntiousof Biology to Geological Investigation’ ; Nature^ lii. (] 895), 
pp. 258, 279. H. F. Oshom, “Correlation between Tertiary Mammal Horizons of Eiuope 
and America,” Ann, Nm Torh Acad, Sci. xiii. (1900), and other papers cited on later pages. 
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are equally fossils.^ Nor lias the term fossil any linnitation as to organic 
grade. It includes not merely the remains of organisms, hut also what- 
ever was directly connected with or produced by those organisms. Thus, 
the resin which exuded from trees of long-perished forests is as much a 
fossil as any portion of the stem, leaves, flowers, or fruit, and in some 
respects is even more valuable to the geologist than more deteiminable 
remains of its parent trees, because it has often preserved in admirable 
perfection the insects which flitted about in the woodlands. The burrows 
or trails of a worm, in sandstone or shale, claim recognition as fossils, 
and indeed arc commonly the only indications to be met with of the 
existence of annelid life among old geological formations. The drop- 
])ings (coprolites) of fishes and reptiles are excellent fossils, and tell their 
ti\\e as to the presence and food of vertebrate life in ancient waters. The 
little agglutinated eases of the caddis- worm remain as fossils in formations 
from which })erchance most other traces of life may have ]passed away. 
Nay, the very handiwork of man, when preserved in any natural manner, 
is entitled to rank among fossils ; as where his flint-implements have been 
dropped into the prehistoric gravels of river-valleys, or where his canoes 
have been buried in the silt of lake-bottoms. 

The term fossil, moreover, suffers no restnetion as to the condition or 
state of preservation of any organism. In some rare instances, the very 
flesh, skin, and hair of a mammal have been i)rcserved for thousands of 
years, as in the case of mammoth carcases entombed in the frozen mud- 
clifls of Siberia.^ Generally, all or most of the onginal animal matter 
.has disappeared, and the organism has been more or less completely 
mineralised or potn'fiod. It often happens that the whole organism has 
decayed, and a mere cast in amorphous mineral matter, as sand, clay, 
ironstone, silica, or limestone, remains ; yet all these variations must be 
comprised in the comprehensive term fossil. 

Two preliminary questions demand attention : in the first place, how 
remains of plants and animals come to be entombed in rocks, and in the 
second, how they have been preserved there so as to 1)0 now recognisable. 

§ i. Conditions for the entombment of Organic Remains. — If what 
takes place at the present day may fairly be taken as an indication of 
what has been the ordinary condition of things in the geological past, 
there must have been so many chances agiiinst the conservation of either 
animal or plant remains, that their occurrence among stratified forma- 
tions should bo regarded as exceptional, and as the result of various 
fortunate accidents. 

1 . On Land. — Let us consider, in the first place, what chances exist 
for the preservation of remains of the present fauna and flora of a country. 
The surface of the land may ho densely clothed with forest, and ahtind- 
antly peopled with animal life. But the trees die and moulder into soil. 
The animals, too, disappear, generation after generation, and leave few 

' The word “ fossil ’Ms soniotimes wrongly \isod as synonymous with “ petrified,” and 
we accordingly find the intolerable harharisn) of “Hub-fossil.” 

® For particmlars of an oxluuriation see ‘Beitriige zur Keuntuina des Russisehen 
Reiches,’ Bd. TIF. (1SR7), p. 175. 
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perceptible traces of their existence. If we were not aware from 
authentic records that Central and Northern Europe was covered with 
vast forests at the beginning of our era, how could we know this fact '? 
"What has become of the herds of wild oxen, the bears, wolves, and other 
denizens of the lowlands of primeval Europe ? For unknown ages, too, 
the North American prairies have been roamed over by countless herds 
of buffaloes, yet, except here and there a skull and bones of some com- 
paratively recent individual, every trace of these animals has disappeared 
from the surface.^ How could we prove from the examination of the 
soil either in Europe or North America that such creatures, though now 
locally extinct, had once abounded there? We might search in vain for 
any superficial relics of them, and should learn by so doing that the law 
of nature is everywhere “ dust to dust.” 

The conditions for the preservation of evidence of terrestrial (includ- 
ing freshwater) plant and animal life must, therefore, be always local, and, 
so to say, exceptional. They are supplied only where organic remains 
can be protected from air and superficial decay. Hence, they may bo 
observed in lakes, peat-mosses, deltas at river-mouths, caverns, deposits 
of mineral-springs and around volcanoes. 

a. Lakes. — Over the floor of a lake, deposits of silt, peat, marl, &c., are formed. 
Into these, the trunks, branches, leaves, flowers, fniits, or seeds of plants from the 
neighbouring land may be carried, together with the bodies of vertebrates, birds, and 
insects. An occasional stonu may blow the lighter debris of the woodlands into the 
water. Such portions of the wreck as are not washed ashore again, may sink to the 
bottom, where they will, for the most part, probably rot away, so that, in the end, only 
a very small fraction of the whole vegetable matter, cast over the lake by the wind, is* 
covered up and preserved at the bottom. In like manner, the remains of winged and 
four-footed animals, swept by w’inds or by river-floods into the lake, run so many risks 
of dissolution, that only a proportion of them, and probably merely a small proportion, 
is preserved. When we consider these chances against the conservation of the vegetable 
and animal life of the land, we must admit that, at the best, lake-bottoms can contain 
but a meagre and imperfect representation of the abundant life of the adjacent hills and 
plains. Lakes, however, have a distinct flora and fauna of their own. Their aquatic 
plants may he entombed iu the gathering deposits of the bottom. Their molluska, of 
characteristic types, sometimes foim, by the accumulation of their remains with those 
of lime-secreting algre, sheets of soft calcareous marl (pp. 605, 613), in which many of 
the undecayed shells are preserved. Their fishes, likewise, must no doubt often ho 
entombed iu the silt or marl. 

b. Pc«i-?;io5ses.— Wild animals, venturing on tlie more treacherous watery^pai^ts of 
peat-bogs, are sometimes engulphed or “laired.” The antiseptic qualities of the peat 
presence their remains from decay. Hence, from European peat-mosses, numerous 
remains of deer and oxen havei been exhumed. Evidently the larger beasts of tho 
forest ought chiefly to be looked for in these localities (p. 609). 

c. Deltas ai river-moutJis. — It is obvious that, to some extent, both the flora and 
the fauna of the laud may he buried among the sand and silt of deltas (p. 609). But 
though occasional or frequent river-floods sweep down trees, herbage, or the bodies of 
land -animals, the carcases so transported run every risk of having their bones separated 
and dispersed,'^ or of decaying or being otherwise destroyed, while still afloat ; aaid even 

^ See Jules Marcou, ‘ Lettres sur les roches du Jura," p. 103. 

2 Lower jaws, for instance, because they are among the earliest parts of the skeleton of 
a floating carcase to drop off, are not infrequently met witli as fossils. 
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if they reacli the bottom, they tend to dissolatioii there, unless speedily covered up 
and protected by fresh sediment. Delta-formations can therefore scarcely be expected 
to preserve more than a meagre outline of a varied terrestiial flora and fauna. 

(^. Caverns. — These are eminently adapted for the preservation of the higher forms 
of terrestrial life (pp. 477, 626). Most of our knowledge of the prehistoric mammalian 
fauna of Europe is derived from what has been disinterred from hone-cuvcs. As these 
recesses lie, for the most part, in limestone or in calcareous rock, tlieir floors are 
commonly coated with stalagmite from the drip of the roof ; and as this deposit is of 
great closeness and durability, it has oflectually xu'eserved whatever it has covered or 
enveloped. The caves have, in many instances, served as dens for predatory beasts, 
like the hytena, cave -lion, and cave -bear, which sometimes dragged their prey into 
these recesses. In other cases, they have been merely holes whither different animals 
crawled to die, or into which they fell or were swept by inundations. Under what- 
ever circumstances the animals left their remains in these subterranean retreats, the 
bones have been covered up and preserved. Still we must admit that, after all, only 
a small fraction of the animals of the time would be included, and therefore that the 
evidence of the eavem-deposita, profoundly interesting and valuable as it is, presents 
us with merely a glimpse of one aspect of the life of the land, 

e. Deposits of min^rctl-s^n'inffs. — The dex>osits of mineral matter, resulting from the 
evaporation of the water of mineral springs on the surface of the ground, serve as 
receptacles for occasional leaves, laiid-sholls, insects, dead birds, small mammals, and 
other remains of the idant and animal life of the land (pp. 475, 611). 

/. Folmnic deposUs. — Sheets of lava and showers of volcanic dust may entomb 
terrestrial organisms (pp. 276, 755). It is obvious, however, that even over the areas 
wherein volcanoes occur and continue active, they can only to a very limited extent 
entomb and preserve the flora and fauna of lh(5 land. 

2. In the Sea. — In the next place, if we turn to the sea, we find 
•certainly more favourable conditions for the preservation of organic 
forms, hut also many circumstances which operate against it.^ 

a. Liliofal deposits. — While the level of the land retnains stationary, there can be 
but little oflective entombment of marine organisms in littoral dcpo.sits ; for only a 
limited accumulation of sediment will be formed until 8ul).sideuco of the soa-lloor takes 
l)lace. In the trifling beds of sand or gravel thrown up by stonns above the limits of 
ordinary wave-action on a stationary shore, only the harder and more durable forms 
of life, such iis the stronger gasteropods and lamollibrancbs, which can withstand the 
tiiturating effects of the heach-wavos, are likely to remain uiieffuced (p. 580). 

b. Deeper-icdtcr Umgoiom deposits. — Below tide-marks, along the margin of land 
whence sediment is derived, conditions are more favourable for the x)reservation of 
marine organisms. Sheets of sand and mud are there laid down, wherein the harder parts 
of many foms of life may he eiitonihed and protected from decay (x). 581 ). But probably 

1 Reference may be ma<le here to some terms which in recent years have come into 
general use in reference to the fauna. of the ocean. “Plankton,” proposed by Heuseu in 
1887 to denote all animals living passively in the sea, was subsequently eiilarge<l in meaning 
by Haeckel so as to embrace all the fauna of the oceanic watoi*s, “ Bentho.s is ax)i)lied to 
all plants and animals living on or creeping over the sea-floor. “ Nekton ” embraces all the 
free-swimming forms, such as fishes and marine mammalia. Ati animal or jdant may at 
different periods of its existence x)ass from one of these tlesiguations to another, a,s where it 
begins in the benthos and en<lM in the nekton, or xnce versa. The student will find a 
suggestive essay on the application of modern views regarding the habitats of marine animals 
to fossil forms in Prof. J. Walther’s paper, “Uober die Lebensweise fossiler Meerestldere,” 
Z. D. a. C. xlix. (1897), pp. 211-273. The sections on the mode of life of Graptolites and 
on the habits and transport of Ammonites are of special interest. 



828 


palje:ontologigal geology 


BOOK V 


only a small proportion of the fauna that crowds these marginal waters of the ocean, 
with occasional pelagic species, may be expected to occur in such deposits. Moreover, 
for the entombment and preservation of the remains of these organisms, there must 
obviously be a sufficiently abundant and rapid deposit of sediment, and for the preserva- 
tion of a continuous and . prolonged record of the submarine life, there must likewise be 
a slow depression of the sea-bottom. Under the most favourable conditions, therefore, 
the organic remains actually preserved will usually represent little more than a mere 
fraction of the whole assemblage of life in these juxta-terrestrial parts of the ocean. 

c. Abysmal deijofdts, — In proportion to distance from land, the rate of deposition of 
sediment on the sea-floor must become feebler, until in the remote central abysses 
it reaches a hardly appreciable minimum, while at the same time, the solution of calcar- 
eous organisms may become marked in deep water (pp. 566, 621 ). Except, therefore, where 
organic deposits such as ooze are forming in these more pelagic regions, the conditions 
must be on the -whole unfavourable for the preservation of any adeq^uate representation 
of the deep-sea fauna. Hard enduring objects, such as teeth and bones, may slowly 
accumulate and be protected by a coating of peroxide of manganese, or of silicates, such 
as are now foiming here and there over the deep sea-bottom. Yet a deposit of this 
nature, if raised into land, would supply but a meagre picture of the life of the sea. 

In considering the various conditions under which marine organisms may be en- 
tombed and preserved, we must take into account certain occasional phenomena, when 
sudden, or at least rapid and extensive, destruction of the fauna of the sea may be 
caused. (1) Earthquake shocks have been followed by the washing ashore of vast 
quantities of dead fish p. 375). (2) Yiolent storms, by driving shoals of fishes into 
shallow water and against rocks, produce enormous destruction. Dr. Leith Adams 
describes the coast of part of the Bay of Eundy as being covered to a depth of a foot in 
some places W’ith dead fish, dashed ashore by a storm on the 24th of September, 1807.^ 
(3) Copious discharges of fresh water into the sea have been observed to cause extensive 
mortality among marine organisms. Thus, during the S.W. monsoon and accompany- 
ing heavy rains, the west coasts of some parts of India are covered with dead fish thrown 
ashore from the sea.*-^ (4) A sudden irruption of the outer sea into a sheltered anti 
partially brackish inlet may cause the extinction of many of the denizens of the latter, 
though a few may be able to survive the altered conditions.® (5) Volcanic explosions 
have been observed to cause considemble destruction to marine life, either from the 
heat of the lava, or from the abundance of ashes or of poisonous gases, (6) Want of 
oxygen, when fishes are crowded together in frightened shoals, or when, burrowing in 
sand and mud, they are overwhelmed with rapidly accumulating detritus, is another 
cause of mortality."* (7) Shoals of fish are sometimes diiveu ashore by the large 
predatoiy denizens of the deep, such as whales and i)orpoises, (8) Too much or too 
little heat in shallow, water leads to the destruction of fish. Large n umbel's of salmon 
are sometimes killed in the pools of a river during dry and hot weather. (9) Consider- 
able mortality occasionally arises along the littoral zone from the clfects of severe frost. 
(10) Various diseases and parasites aflfeot fish, and lead directly to their death, or 
weaken them so that they are more easily caught by their enemies.'’* Such phenomena 
as those here enumerated suggest probable causes of death in the case of fossil fishes, 
whose remains are sometimes crowded together in various geological formations, as for 
example, in the Old Red Sandstone. 

Of the whole sea-floor, tJhe areas best adapted for preserving organic 

^ Q. J» G. S. xxix. p. 303. 

® Denison, oj). cit xviii. p. 453. Vai?fre(19th December 1872, p. 124) gives another instance*. 

® Forchhanimer, EtHn, Afmo. Phil, Journ. xxxi. p. 69. Sature, i. p. 4.54 ; xiii. p. 107. 

* Sir J. W. Dawson, Geologist, il. (1859), p. 216. 

** For fuller I'eferences, see an interesting paper by Professor T. Rupert Jones, UeoL Mag, 
1882, p. 533. 
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exuviae are obviously (1) that juxta-terrestrial belt in which life is most 
A'aried and abundant, and where sediment, transported by rivers and 
currents from the adjacent shores, is chiefly laid down ; and (2) those 
tracts of the open ocean where the bottom rises near enough the surface 
to become the home of an abundant and varied fauna and the site of thick 
deposits of organic remains, as on the tops of submarine volcanic ridges. 
The most favourable conditions for the accumulation of a thick mass of 
marine fossiliferous strata ^vi\l arise when the area of deposit is under- 
going a gradual subsidence. If the rate of depression and that of deposit 
be equal, or nearly so, the movement may conceivably continue for a vast 
pei'iod without producing any great apparent change in man’ne geography, 
and even without seriously affecting the distribution of life over the sea- 
floor vdthin the area of subsidence. Hundreds or thousands of feet of 
sedimentary strata may conceivably be in this way heaped up round the 
continents, containing a fragmentary scries of remains, chiefly forms of 
shallow-water life which had hard parts capable of preservation. 

There can be little doubt that such has, in fact, been the history of 
the main mass of stratified formations in the earth’s crust. These piles 
of marine strata have unquestionably been laid down for the most part 
in comparatively shallow water, within the area of deposit of terrestrial 
sediment. Their great depth seems only explicable by prolonged and 
repeated movements of subsidence, sometimes interrupted, however, as wo 
know, by other movements of a contrary kind. These geographical 
changes affected at once the deposition of inorganic materials and the suc- 
cession of organic forms. One series of stratJi is sometimes abruptly 
succeeded l)y another of a very different character, and we not uncommonly 
find a corresponding contrast between their respective organic contents. 

It follows, from these conditions of sedimentation, that representatives 
of the abysmal deposits of the central oceans are not likely to be met 
with among the geological formations of ])ast times. Thanks to the gi'cat 
work done by the Challenger and other national expeditions, we have learnt 
what are the leading characters of the accumulations now forming on the 
deeper parts of the ocean-floor. So far as we yet know, they have no 
analogues among the formations of the earth’s crust. They difler, indeed, 
so entirely from any fonnation which geologists have consi (hired to he of 
deep-water origin as to indicate that, from early geological times, the 
present great areas of land and sea have iHimained on the whole where 
they are, and that the land consists mainly of strata formed of terrestrial 
dil^bris laid down at successive epochs in the surrounding comparatively 
shallow seas. 

§ ii. Preservation of Organic Remains in mineral masses. — The 
condition of the remains of plants and animals in rock-formations depends, 
first, upon the original structure and composition of the organisms, aiui 
secondly, upon the manner in which their “ fossilisation,” that is, their 
entombment and preservation, has l)cen effected. 

1. Influence of original structure and composition. — 
The durability of organisms is determined by their composition and 
structure. 
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The internal skeletons of iiio-it vertebrate animals consist mainly of phosphate of 
lime ; in many saurians and tislies there is also an exo-skeleton of hard bony plates or 
of scales. It is these durable portions that remain as evidence of the former existence 
of vertebrate life. The hard parts of invertebrates present a greater variety of com- 
position. In the vast majority of cases, they consist of calcareous matter, either 
caloite or aragonite. The carbonate of lime is occasionally strengthened by 
phosphate, while in a few cases, as in the horny brachiopods, in Comdana, IScrpida^ and 
some other forms, the phosphate is the chief constituent.^ Next in abundance to lime 
is silica, which constitutes the frustules of diatoms and the harder parts of many 
protozoa, and is found also in the teeth of some mollusks. The integuments of insects, 
the carapaces of cmstacea, and some other organisms, are composed fundamentally of 
cb it in, ^ a transparent horny substance which can long resist decomposition. In the 
vegetable kingdom, the substance known as cellulose forms the essential part of 
the framework of plants. In dry air, it possesses cousidemble durability, also when 
thoroughly water-logged and excluded from meteori(i intluenees. In the latter condition, 
imbedded amid mud or sand, it may last until gradually petrified.** 

It is a familiar fact that in the same stratum ditferent organisms occur in remarkably 
different states of conservation. This is sometimes strikingly exemplified among the 
mollusca. The conditions for their preservation may have been the same, yet some 
kinds of shells are found only as emx>ty moulds or casts, while others still retain their 
form, composition, and structure. Tliis discrepancy no doubt, points to original dif- 
ferences of composition or structure. The aragonite shells of a stratum may bo entirely 
dissolved, wdiile those of calcite may remain."* The x^resence, therefore, of ealcito forms 
only does not necessarily imply that others of aragonite were not originally present. But 
the conditions of petrifaction have likewise gi*eatly varied. In the clays of the Mesozoic 
formations, for example, ceplialopofis may be exhumed retaining even their pearly nacre, 
while in corresponding deposits among tlie Palfeozoic systems they are merely crystalline 
calcite casta. 

2. Fossilisation. — The condition in which organic remains have 
])een entombed and mineralised may be reduced to three leading types. 

(1) Tlve original siihsta/icc partly or ioholhj presorted.. — Several grades may be 
noticed : (a) where the entire animal substance is retained, as in the frozen carcases of 
mammoths in the Siberian clifi's ; (/>) where the organism has been mummified by being 
encased in resin or gum (insects in amber) ; (c) where the organism has been carbonised 
with or without retention of its stmeture, as is characteristically shown in ])eat, lignib*, 
and coal ; (r/) where a variable portion of the original substance, and es])ocially the 
organic matter, has been removed, as happen.s with shells and bones : this is no doubt 
one of the first steps tow^ards petrifaction. 

(2) 37kj original siMance 'is entirely removed, with retention mervly of t\denml 
form. — Mineral matter gathers round the organism and hardens there, while the organ- 
ism itself decays. Eventually a mere mould of the plant or animal is left in stone. 
Every stage in this process may be studied along the margin of calcareous springs and 
streams (ante, p. 611). The lime in solution is xn’ecipitated round fibres of moss, leaves, 
twigs, &c., which are thereby iucrusted with minei-al matter. While the crust tliickens, 
the organism inside decays, until a mere hollow’ mould of its form remains. Among 

^ Logan and Hunt, Ainer. Journ. ScL xvii. (1854), p. 235, 

- According to C. Schmidt, the composition of this substance is C, 46*64; 11, 6*60 
N, 6*66; 0, 40*20. The brown chitin of Scottish Carboniferous scorpions is ^hardly 
distinguishable from that of recent species. 

^ On cellulose and coal, see C. P. Cross and E. J. Sevan, BriL Assoc, 1881 Sects 
p. 603. 

* See ante, pp. 155, 177, *613, and authorities there cited. 
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stratified rocks, moulds of organic forms are of frequent occun’ence. They may he filled 
up with mineral matter, washed in mechanically or deposited as a chemical precipitate, 
so that a cast in stone replaces the original organism. Sucli casts are particularly common 
in sandstone, which, being a porous rock, has allowed water to filter through it and 
remove the substance of enclosed plant-stems, shells, &c. In the sandstones of the Car- 
boniferous system, casts in coni]>actod sand of stems of Lepidodmdron and other plants 
are abundant. Some of the most remarkable examples of this type of fossilisation are 
the Jellj’--fishes which have left their records in Cambrian and Jurassic strata. These 
animals hod no hard jHirts ; like their modern re|a*esentatives, they were more gelatinous 
structures full of water, yet they have left their clear impressions on the fine silt in which 
they were entombed.^ It is obvioius that in casts of this kind, no trace remains of the 
original structure of the organism, but merely of its external form. 

(3) The orktinal sulstance is molccularly replaced hy mhieval 'intli partial or 

entire pn'csermtion of the internal stnieture of the on/anism. — This is the only true petri- 
faction. The process consists in the ab.«tra<*tiou of the organic substances, molecule 
by molecule, and in their re})laconient by ]>rei*ipitated mineral matter. Ho gradual and 
thorough ha.s this interoliange often been, that the minutest structures of plant and 
animal have been perfectly preserved. Hilicifiod wood is a familiar example (see p. 474). 

The chief substance which has replaced organic foi‘ms in rocks is calcite, cither 
ci-ystallinc or in an amoiphous granular condition. In assuming a crystalline (or fibrous) 
form, this mineral has often observed a symmetrical grouping of its component indi- 
viduals, these being usually placed with their long axes perpendicular to the surface 
of an organism. In many cases, among invertebrate remains, the calcite now visible is 
pseudomorphous after aragonite (p. 107). Next in abundance as a petrifying medium 
is silica, most commonly in the chalecdonic fonn, but also as quartz. It is specially 
frequent in some limestones, as chert and fiint, rephicing the carbonate of lime in 
niollusks, eehinoderms, corals, &c. It also occurs in iiTegular aggregates, in which 
organisms are sometimes beautifully pi'esorved. It forms a frequent material for tlio 
petrifaction of fossil wood. Silicification, or the replacement of organisms by silica, is 
the process by which minute organic structures have been most perfectly i)reservcd. In 
a microscopic section of silicilied wood, the organisation of the original plant may bo as 
distinct os in the section of any modern tree.*-* Pyrites and marcasite, especially 
the latter, are common replacing minerals, abundant in argil lacooiw deposits, as, for 
example, among the ,lurassic and Cretaceous clays. Si derite has played a .similar 
part among the ironstones of the Coal-measures, where shells and plants have been 
replaced by it. Many other minerals are occa.siotmlly found to liavo l)con substituted 
for the original suhstauoe of organic remains. Among thc.se may ho mentioned glauco- 
nite (replacing or filling foramiuifora, p. 6*27), vivianito (specially frequent as a coating 
on the weathered surface of scales and bones), barytes, celestino, gypsmn, talc, lead- 
sulpliato, carbonate, and sulphide ; copper-sulphide and native copper ; luvinatite and 
limouite ; zinc-carbonate and sulphide ; cinnabar ; silver chloride and native silver ; 
sulphur, fluorite, phosphorite.'* 

§ iii. Relative Palseontologrieal value of Orgranie Remains. — As the 
conditions for the preservation of organic I’cmaiiis exist more favoi^rably 
under the sea than on land, relics of marine must be far more abundantly 
conserved than those of terrestrial organisms. This is true to-day, and 
has doubtless been true in all i)ast geological time. Hence, for the 
purposes of the geologist, fossil remains of marine forms of life far sur- 

^ C. n. 'Walcott, ‘Fossil Medusae,* Monograph xxx, 27. CL 8. (1898). 

2 On the process of petrifaction in fossil plants, see J. Felix, Z, 1), O, 0\ xlLx. (1897), 

p. 182. 

* Roth, *Ohem. Geol.’ i. p. 606. Jannettaz, JiulL 8oc, (JioL France (3), vii. p, 102. 
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pass all others in value. Among them, there ^vill necessarily be gradations 
in importance, regulated chiefly by their possession of hard parts, readily 
susceptible of preservation among marine deposits. Among the Protozoa, 
foraminifers, radiolarians, and sponges, possessing siliceous or calcareous 
organisations, have been preserved in deposits of all ages. Of the^ 
Coelenterates, those which, like the corals, secrete a calcareous skeleton 
are important rock-buildei*s. The Echinoderms have been so abundantly 
preserved that their geological history and development are better known 
thah those of most other classes of invertebrates. The Annelids, on 
the other hand (except where they have been tubicolar), have almost 
entirely disappeai*ed, though their former presence is often revealed by 
the trails they have left upon surfaces of sand and mud. Of all the 
marine tribes which live within the juxta-terrestrial belt of sedimenta- 
tion, unquestionably the Mollusea stand in the front rank, as regards 
their aptitude for becoming fossils. In the first place, they almost all 
possess a hard durable shell, composed chiefly of mineral matter, capable 
of resisting considerable abrasion, and readily passing into a mineralised 
condition. In the next place, they are extremely abundant both as to 
individuals and genera. They occur on the shore up to high-water mark, 
and range thence down into the abysses. Moreover, they appear to have 
possessed these qualifications from early geological times. In the marine 
Mollusea, therefore, we have a common ground of comparison between 
the stratified formations of different periods. They have been styled the 
alphabet of pal£8ontological inquiry. It will be seen, as we proceed, how 
much, in the interpretation of geological history, depends upon the testi- 
mony of sea-shells. 

Turning next to the organisms of the land* we perceive that the 
abundant terrestrial flora has a comparatively small chance of being well 
represented in a fossil state ; that indeed, as a rule, only that portion of 
it of which the leaves, twigs, flowers, fruits, or trunks are blown into 
lakes, or swept down b}’- rivers, is likely to be partially preserved. 
Terrestrial plants, therefore, occur in comparative rarity among stratified 
rocks, and furnish in consequence only limited means of comparison 
between the formations of different ages and countries, although where 
they have been plentifully preserved they furnish valuable bases for 
stratigraphical correlation, as has been shown during recent years in the 
case of the Carboniferous and Cretaceous floras (see Book VI. Part II. sect, 
iv. § 1 ; Part III. sect. iii. § 1). Of land animals, the vast majority perish, 
and leave no permanent trace of their existence. Predatory and other 
forms, whose remains may be looked, for in caverns or peat-mosses, must 
occur more numerously in the fossil state than birds, and are correspond- 
ingly more valuable to the geologist for the comparison of different stratii. 

Another character determines the relative importance of fossils as 
geological monuments. All organisms have not the same inherent capa- 
bility of persistence. The longevity of an organic type has, on the 
whole, been in inverse proportion to its perfection. The more complex 
its structure, the more susceptible has it been of change, and consequently 
the leas likely to be able to remain unaffected by the influences of vary- 
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ing climate, and other physical conditions. A living species of foraminif er 
or brachiopod, endowed with comparative indifference to its environment, 
may spread over a vast area of the sea-floor, and the same want of sensi- 
bility enables it to endure through the changing physical conditions of 
successive geological periods. It may thus possess a great range, both in 
space and time. But a highly-specialised mammal is usually confined to 
but a limited extent of country, and to a narrow chronological range.^ 

§ iv. Uses of Fossils in Geology. — ^Apart from their profound interest 
as records of the progress of organised being upon the earth, fossils 
serve three main purposes in geological research : ( 1 ) to throw light upon 
former conditions of physical geogra 2 )hy, such as the presence of land, 
rivers, lakes, and seas, in places where they do not now exist, upon 
changes of climate, and upon the former distribution of plants and 
animals 5 ( 2 ) to furnish a guide in geological chronology whereby rocks 
may be classified according to relative date, and the facts of geological 
history may be airanged and interpreted as a connected record of the 
earth’s progress ; and (3) to aflbrd a clue to the causes which have led to 
the distribution of animals over the globe in ancient and modern time. 

1 . Changes in Physical Geography. — A few examples will 
suffice to show the manifold assistance which fossils furnish to the geolo- 
gist in the elucidation of ancient geography. 

(rt) Former land-surfaces are revealed by the ])resouce of tree -stumps in thoir 
positions of growth, with their roots branching freely in the underlying stintiini, which, 
representing the ancient soil, often contains leaves, fruits, and other sylvan remains, 
together with traces of the bones of land-animals, remains of insects, land-sholls, &c. 
Ancient woodland surfaces of this kind, found botwoon tide-marks, and oven below low- 
water line, round different parts of the British coast, havoheou above described as “Sub- 
merged Forests” (p. 38S). Of more ancient date are the “dirt-beds” of Poi-tlaud 
(Book VI. Part III. Sect. ii. § 2), which, by their layers of soil and tree-stuni])s, 
show that woodlands of cycads sprang up over au upraised sea-bottom and were buried 
beneath the silt of a river or lake. Still farther back in geological history come the 
coal-growths of the Carbouiforous period, which, with their “ under-elays " or soils, 
point to wide jungles of terrestrial ox* aqiuitic plants, like the modern mangrovo-swamps, 
that were successively submerged and covered with sand or silt (Book VI. Part. II. Sect, 
iv. § 1). 

(b) The former oxiatenec of lakes can bo satisfactorily proved from hods of marl 
or lacustrine limestone full of freshwater sliolls, or* from fine silt with loaves, fruits, and 
insect remains. Such deposits are growing abundantly at the ]>roscnt day, and llioy 
occur on various horizons among the geological formations of ^wist times. The well- 
known Nagelfluc of SwiLzcrland and the eaddis-woim limostones of Auvergiio can ha 
shown from their fossil contents to ])o essentially lacustrine deposii.8 (Book VI. Part IV. 
Sect. ii. § 2). Still more important are the ancient Eocene and Miocene lake-formations 
of North America, wlienco so rich a terrestrial and lacustrine flora and fauna have been 
obtained (Book VI. Part IV. Soot i. S 1). 

^ The great value of maminaliaii remains for purposes of geological chronology Iwis been 
enforced by Professor Marsh, Address to the American Associiation for the Advancement 
of Science, SOth August 1877, Jott.ni, xiv. (1877), pp. 338-378; xlii. (1891), 

pr336i; vi. (1898), p. 483 ; Otutl. Naff. 1898, p, 506. Dr. W. T. Blauford points out that, 
in some cases at least, fluviatilc mollusks have been more short-lived than terrestrhil mam- 
mals, Address, Oeol, Section^ lint. Amtuc. 1884. 
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(<j) 01(1 sea-bottoms are vividly brought before us by beds of marine shells 
and other organisms. Layers of water-worn gravel and sand, with rolled shells of 
littoral and infra-littoral species, unmistakably mark the i^osition of a former shore-line. 
Deeper water is indicated by finer muddy sediment, with relics of the fauna that prevails 
beneath the reach of waves and ground-swell. Limestones full of corals, or made 
up of ciinoids, point to the slow, continuous gi'owth and decay of generation after* 
generation of organisms in clear sea-water. 

(if) Variations in the nature of the water, or of the sea-bottom, may some- 
times be shown by changes in the size or shape of the organic remains. If, for example, 
the fossils in the central and lower parts of a limestone are large and well-formed, but 
in the upper layers become dwarfed and distorted, we may reasonably infer that the 
conditions for their continued existence at the locality must have been gradually 
impaired. The final complete cessation of these favourable conditions is shown by the 
replacement of limestone by shale, indicative of the rvater having become muddy, and by 
the disappearance of the organisms, which had shown their sensitiveiress to’ the change 
(pp. 766, 757). 

(e) The proximity of land at the time when a fossiliferous stratum was in the 
course of accumulation may be sufficiently proved by mere lithological chai’acters, as has 
been already explained ; but the conclusion may be further strengthened by the occurrence 
of leaves, stems, and other fragments of terrestrial vegetation, with remains of insects, 
birds, or terrestrial mammals, which, if found in some numbers in certain strata inter- 
calated among others containing marine organisms, would make it improbable that 
they had been drifted far from land (p. 683). 

(f) The existence of different conditions of climatein former geological periods 
is satisfactorily demonstrated from the testimony of fossils. Thus, an assemblage of the 
remains of palms, gourds, and melons, with bones of crocodiles, turtles, and sea-snakes, 
proves a sub-tropical climate to have prevailed over the south of England in the older 
Tertiaiy ages (Book VI. Part IV. Sect. i. § 1). On the other hand, the extension 
of a cold or arctic climate far south into Europe during post-Tertiary time, can he 
shown from the existence of remains of arctic animals, even in the south of England 
and of France (Book VI. Part V.). This is a use of fossils, however, where great caution 
must be observed. We cannot affirm that, because a certain species of a genus lives 
now in a warm part of the globe, every species of that genus must always have lived 
in similar circumstances. The well-known examples of the mammoth and woolly 
rhinoceros that lived in the cold north, -while their modern representatives inhabit some 
of the warmest regions of the globe, may be usefully remembered as a w'aruing against 
any such conclusion. When, however, not one fossil merely, but the wdiole assomljlago 
of fossils in a group of rocks, finds its modern analogy in a certain general condition 
of climate, we may, at least tentatively, infer that the same kind of climate prevailed 
where that assemblage lived. Such an inference w^ould become more and more unsafe 
in propoi*tion to the antiquity of the fossils, and their divergence from existing foj'ins.’ 

As an illustration of the application of the e\ddeuoe of fossils in the interpretation of 
ancient conditions of geography at different geological periods, reference may be made 

^ See NTeumayr, JYature, xlii. (1890), pp. 148, 176. This author specially devoted himself 
to the study of ancient climates as indicated by fossils. As an illustration of his methods 
his essay on the climatic zones of Jurassic and Cretaceous time may be cited, JJenkacJi, Ahcul, 
Wien^ xlviL (1883), and 1. (1885). On fossil plants in relation to climate see J. D. Hooker, 
Address, BHt Ass, (1881), p. 727 ; Proc, Roy, Sae. xxvi. (1877), p, 441 ; A. 0. Seward, 
Fossil plants as tests of Climate tlie Sedgwick Prize Essay for 1892 ; and the elaborate 
essay by Max Semper, “Das Paliiothermnle Problem, speciell die klimatlschen Verhiiltnisse 
des Bocan in Buropa und im Polargebiet,” I). </, (/. xlviii, (1896), pp. 261-849, li. (1899), 
pp. 186-206. Probably a wider and more precise and critical collation of the palaionto- 
logical evidence is needed before satisfactory conclusions can be drawn from it. 
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more especially to tlie investigation of the vai*ious basins in which the Jurassic rocks of 
Europe were deposited. The positions of the seas and lands, and the variations of climate 
have been ascertained with sufficient definiteness to give us some conception of the 
physical geograiffiy of that part of the globe during early Mesozoic tinie.^ 

2. Geological Chronology. — Although absolute dates cannot 
be fixed in geological chronology, it is not difficult to determine the 
relative age of different strata. For this purpose the fundamental law 
is based on the “order of superposition” (pp. 657, 855) : in a series of 
stratified formations, the older underlie the younger. It is not needful 
that we should actually see the one lying below the other. If a continu- 
ous conformable succession of strata dips steadily in one direction, we 
know that those at the one end must xuiderlie those at the other, 
because we can trace the whole series between them. Rare instances 
occur, where strata have been so folded by great terrestrial disturbance 
that the younger are made to underlie the older. But this inversion 
can usually be made clear from other evidence. The tme order of 
superposition is decisive of the relative ages of stratified rocks. 

The order of sequence having been determined, it is needful to find 
some means of identifying a particular formation elsewhere, when its 
stratigraphical relations may possibly not be visible. At first, it might 
be thought that the mere external aspect and mineral chai*acters of the 
rocks ought to be sufficient for this purpose. Undoubtedly these features 
may suffice Avithin the same limited region in which the order of sequence 
has already been determined. But as we recede from that region, they 
become more and more unreliable. That this must be the case will 
readily appear, if we reflect upon the conditions under which sedi- 
mentary accumulations have been formed. The markedly lenticular 
nature of these deposits has alresuly been described (p. 65 1). At the 
present day, the sea-bottom presents here a bank of gravel, there a sheet 
of sand, elsewhere layers of mud, or of shells, or of organic oozq , all of 
which are in course of deposit simultaneously, and will jis a rule be 
found to shade oft' laterally into each other. The same diversity of con- 
temporaneous deposits has obtained from the earliest geological pci*iods. 
Conglomerates, sandstones, shales, and limestones occur on all geological 
horizons, and replace each other even on the same platform. The Coal- 
measures of Pennsylvania arc represented west of the Rocky Mountains 
by thousands of feet of massive marine limestones. The white Chalk of 
England lies on the same gc:(>]«)gical horizon with marls and clays in 
North Germany, with thick sandstones in Saxony, with massive limestones 
in the south of France. Mere mineral chauicters are thus quite unreliable, 
save within compaiatively restricted areas. 

The solution of this problem was found, and was worked out for the 
Secondary rocks of England, by William Smith at the end of the 
eighteenth* century. It is supplied by orgiinic remains, and depends upon 
the law that the order of succession of plants and animals has been 
similar all over the world. According to the order of superposition, the 

^ See especially Neumayr, Verh. OeoL EeichmmU 1871, p. 54, UeuL lleicJmnst 
xxviii. (1878), and liis essay cited in the foregoing note. 
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fossils found in any deposit must be older than those in the deposit above, 
and younger than those in that below. This order, however, must 
be first accurately determined by a study of the actual stratigraphy of 
the formations ; for, so far as regards organic structure or affinities, there 
may be no discoverable reason why a particular species should precede oi> 
follow another. Unless, for* example, we knew from observation that 
Ehynchonella pleurodon is a shell of the Carboniferous Limestone, and 
Wi/iii'‘l(oudhf tetrahedra is a shell of the Lias, we could not, from mere 
inspection of the fossils themselves, pronounce as to their real geological 
position.^ It is quite true that, by practice, a palaeontologist has his eye 
so trained that he can make shrewd inferences as to the phyllogeny of 
extinct forms and as to the* actual horizon of fossils which he may never 
have seen before (and this is more especially tiue in regard to the mam- 
malia, as win be immediately adverted to), but to do this he should 
possess a wide experience of the ascertained order of appearance of 
fossils, as determined by the law of superposition. For geological 
purposes, therefore, and, indeed, for all purposes of comparison between 
the faimas and floras of different periods, it is absolutely essential, first of 
all, to have the order of superposition of strata rigorously determined. 
Unless this is done, the most fatal mistakes may be made in palaeonto- 
logical chronology. But when it has once been done in one typical 
district, the order thus established may be held as proved for a wide 
region where, from paucity of sections, or from geological disturbance, 
the true succession of formations cannot be satisfactorily detei'mined. 

The order of superposition having been determined in a great seiies 
of stratified foimations, it is found that the fossils at the bottom are not 
quite the same as those at the top of the series. As we trace the forma- 
tions upward, we discover that species after species of the lowest platforms 
disappears, until perhaps not one of them is found. With the cessation 
of these older species, others make their entrance. These, in ton, are 
foimd to die out and to be replaced by newer forms. After patient exam- 
ination of the rocks, it is ascertained that every well-marked formation 
is distinguishable by its own species or genera (characteristic fossils, 
Leitfossilien) or by a general assemblage ov facies of organic forms. This 
can only, of course, be deteimined by actual practical experience over 
an area of some size. The chai’acteristic fossils are not always the most 
numerous ; they are those which occur most constantly and have not been 
observed to extend their range above or below a definite geological horizon 
or platform. For the determination of geological chronology, as alreiidy 
pointed out, it may be affirmed as a general principle that the higher and 
more specialised the type of organism the more local is its area in space 
and the more limited its range in time. Hence mammalian remains 

^ The derivation of some forms by descent from others may be inferred witli more or 
less probability, and such genetic affinities may furnish valuable suggestions to the pale- 
ontologist. But that the lisk of erroneous interpretation and fanciful deduction in such 
matters is real and serious was well shown in the discussion of the presumed <lerivation of 
the Olenellidian trilobites from the Patadoxidian forms, until it was sho'v^ui that the former 
were really the precursors of the latter. 
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have a special value in this respect.^ But some invertebrate gi’oups 
possess great importance as fixing stratigraphical horizons ; as, for example, 
the ammonites in the Jurassic and the graptolites in the Silurian system. 

As illustrations of fossils characteristic of some of the larger subdivisions of 
•the Geological Record, the following may be given. Lepidodendra and Sigillariie are 
typical of Old Red Sandstone and Carboniferous deposits ; Graptolites of the Silurian 
system ; Trilobites of Palceozoic rocks from Cambrian to Permian, but more particularly 
of the Cambrian and Silurian systems ; Cystideans of the older Palajozoic, especially the 
Silurian, rock-groups ; Blastoids pre-eminently of Lower Carboniferous rocks. Ortho- 
ceratites are mainly Palieozoic, and Ammonites Mesozoic ; Ichthyosaurs and Plesiosaurs, 
Mesozoic ; Nummulites, Paheotherium, Anoplotherium, Hyopotamus, and Anthraco- 
therium belong to older Tertiary, and Mastodon, Elephas, Hyrena, Cervus, and 
E(pius to younger Tertiary and recent time. The occurrence of such organisms in 
any rock, at once indicates the great division of geological time to which the rock 
should be assigned. 

The distinctive fossils of a system or formation, having been ascer- 
tained from a sufficiently prolonged and extended experience, serve to 
identify that series of rocks in .its progress across a country. Thus, 
as we trace a formation into tracts where it would be impossible to 
determine the true order of superposition, owing to the want of 
sections, or to the disturbed condition of the rocks, we can employ 
the typical fossils as a means of identification, and speak with confi- 
dence as to the succession of the rocks. We may even demonstrate that 
in some mountainous ground, the strata have been turned completely 
upside down, if we can show that the fossils in what are now the upper- 
piost layers ought properly to lie underneath those in the beds below 
them. 

Prolonged study of the succession of organic typos in the geological 
past all over the world, has given palreontologists some confidence in 
fixing the relative age of fossils belonging even to previously unknown 
species or genera, and occuning under circumstances where no order of 
superposition has been made out. For instance, the general sequence of 
mammalian types having now been settled by the law of superposition, 
the horizon of a mammaliferous deposit may be approximately determined 
by the grade or degree of evolution denoted by its mammalian fossils. 
Thus, should remains bo gonorically abundant, diffei'ing from those now 
living, and presenting none of the extreme contrasts which are now found 
among our higher animals, should they embrace neither true ruminants, 
nor solipedes, nor proboscidians, nor apes, they might with high proba- 
bility be referred to the Eocene period.- Eeasoning of this kind must be 
based, however, upon a wide basis of evidence, seeing that the progress 
of development has been far from equal in all ranks of the animal world. 

^ Consult the papers of Professor Marsh quoted on p. 833, and see e.specially the plate in 
the 1891 paper, in which the successive mammalian zones in the Geological Record of North 
America are given ; also the papers of Prof, Osborn, Dr. Wortman, and Mr. W. D. Matthew 
on the Tertiary lake-basins of western North America and their vertebrate faunas, especially 
the essay, “A Provisional Classification of the Ifresh- water Tertiary of the West,” BidL 
Amer. Mm. Hat JXist, New York, xii. (1899), p. 19. 

® Gauclrj', ‘Les Bnchatnements du Monde Animal,’ 1878, p. 246. 
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Observations made a large part of the surface of the globe have 
enal}led geologists to dinde the stratified part of the earth's cnist into 
systems, formations, and groups (p. 860 ). These subdivisions are 
frequently marked off from each other by lithological characters. But, 
as already remarked, mere lithological differences afford at the best but. 
a limited and lociil ground of separation. Two masses of saudstoiio, 
for example, having exactly the same general external and internal 
characters, may belong to very different geological periods. On the 
other hand, a series of limestones in one locality may be the exact 
chronological equivalent of a set of sandstones and conglomerates at 
another, and of a series of shales and clays at a third. 

Some elue is accordingly needed, which vnll permit the divisions of 
the stratified rocks to be grouped and compared chronologically. This 
fortunately is well supplied by their characteristic fossils. Each fomxa- 
tion being distinguished by its own assemblage of organic remains, it 
can be followed and recognised even amid the crumplings and disloctxtions 
of a disturbed region. The same general succession of organic types hiis 
been observed over a large part of the world, though, of course, with 
important modifications in different countries. 

It is evident that, in this way, a method of comparison is furnished 
whereby the stratified groups of different parts of the earth's crust can 
be brought into relation mth each other. We find, for example, that 
a certain group of 'Strata is characterised in Britain by certain genera 
and species of corals, brachiopods, lamellibranchs, gasteropods, and 
cephalopods. A group of rocks in Bohemia, differing more or less from 
the British type in lithological aspect, contains on the whole the same 
genera, and some even of the some species. In Scandinavia, a set of bods 
may be seen, unlike perhaps in external characters to the Britisli typo, but 
yielding many of the same fossils. In Canada and parts of the northern 
United States, other rocks enclose some of the same, and of closely allied 
genera and species. All these groups of strata, having the same general 
facies of organic remains, are regarded as l)elonging to the same groat 
period in the history of life upon the globe, and are said to ])c “ geologically 
contemporaneous." The term “homotaxis" was proposed by Huxley ^ to 
express the idea that the general sequence of life had boon the same in 
each region, without implying that the same stage of development was 
everywhere synchronous. He thought that a definite stage like that/ of 
the Devonian in one country might have T)een coeval with another stjige, 
say the Silurian, in another country, and with the Carlxonifei'ous in a third. 
This extreme position few geologists were disposed to accept. The sub- 
sequent progress of investigation has tended to coiiffnn the older belief, 
that each great geological period was, in the broadest sense, coutomporan(u)us 
over the globe, though it might begin earlier or end later in one region 
than in another. The various faunas are never inverted, but always^ 
follow the same order of succession all over the world. 

On any theory of the origin of species, the spread of a species, still 
more of any group of species, to a vast distance from the original centre 
1 Q. J. (?. *S. xviii. (1862), i>. xlvi. 
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of dispoi’sioii, must in most cases have been extremely slow. It doubtless 
occupied so prolonged a time as to allow of vast changes in physical 
geography. A species may have disappeared from its primeval birth- 
place, while it continued to flourish in one or more directions along its 
outward circle -of advance. The date of the first appearance and final 
extinction of that species would thus differ widely, according to the 
locality at which wo might examine its remains. Nevertheless, enormous 
though the lapse of time must have been to allow a species, a genus, or a 
fauna to become world-wide in distribution, it must have been vastly 
less than that during which the fauna flourished and underwent the slow 
biological evolution represented by a single geological formation, with its 
succession of life-zones. While the grand march of life, in its progress 
from lower to higher forms, has been broadly alike and in a vague sense 
simultaneous in all quarters of the globe, its rate of advance has not 
everywhere been the same. It has moved unequally over the same 
region. A certain stage of progress may have been reached in one 
quarter of the globe many thousands of years before it was reached in 
another; though the same general succession of organic t 3 q)es may be 
found in each region. There seems to be now sufficient evidence, for 
example, to warrant the assertion that the progress of terrestrial vegeta- 
tion has at some geological periods and in some regions, been in advance 
of that of the marine fauna (see p. 848). Hence arise anomalies in the 
attempts to group the geological formations of distant countries in con- 
formity wittf European standards. As Dr. Blanford has well remarked, 
“in instances of conflicting evidence between terrestrial or freshwater 
faunas and floras on the one side, and marine faunas on the other, the 
geologi(!al ago indicated l)y the latter is probably correct, because the con- 
tradictions which prevail between the evidence afforded by successive 
terrestrial and freshwater bods are unknown in marine deposits ; because 
the succession of terrestrial animals and plants in time has been different 
from the succession of marine life; and because in all past times the 
differences liotween the faunas of distant lands have probaldy been, as 
they now are, vastly greater than the differences between the animals 
and plants inhabiting the different seas and oceans.” ^ 

3. G-oographical Distribution of Plants and Animals. — As 
the plants and aninmls now living on the surface of the globe are the 
descendants of those that flourished in earlier periods, it is obvious that 
in order to understand how tlicy have come to l^o distributed as wo now 
^ III luH snj'gostivo addi-iiSH to the (Zoological Section of tlio British Association at the 
Montreal nieotiug, from which the ahovo quotation is taken, Dr. Blanford gives some 
c.xanu)le8 of the contradictions Involved in attempts to correlate distant deposits hy means of 
land and freshwater faniia.s and floras. The Danuula hods of India, as ho points out, contain 
a flora with Middle Jimis.siQ afliuities, lint the fauna of the overlying Pauchet bods is rather 
Triassio or oven Permian. 8tlll more striking was the o.vami)lo furulslietl by the Ijower Coal- 
measures of New South Wales, whei*e plants which botanists believed to bo of Jurassic types 
wore found in tlie stune stratified deposits with undoubted Oarboniforous Liiuostono marine 
organisms {Orffiocerfut, OonidarUtf Fey(>&iteUaM, &c.). This author returneil to the sub- 

ject in his presidential addresses to the Geological Society. Q. J, (L S, xlv. (1889), p, 72 ; 
xlvi. (1890), p. 140, See x>Of*tea on the QUmojpteiis-IXo'cv^ Book VI. Part IT. Sect, iv. 
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find them, we must know something of their ancestry and of their own 
history. Their derivation from other types of life that preceded them 
foms part of a vast subject which belongs rather to biology than to 
geology, but to which some brief allusion will be made in the next section 
of this Book (p. 845). The past history of the species and genera of* 
living floras and faunas is embraced, however, within the province of 
the geologist in so far as it is from the evidence which he can collect 
that our knowledge is derived of the causes that have contributed to the 
present distribution of plants and animals. This evidence is drawn partly 
from the deposits in which the remains of liWng species have been 
preserved, and partly from a consideration of the changes of geography 
and climate which can be asceitained to have taken place in late geological 
time. An early and classical example of the application of geological 
investigation to the history of the flora and fauna of a country was the 
remarkable essay by Edward Forbes on the origin of those of Britain.^ 
Arranging the vegetation of these islands into five separate floras, he 
traced out the geographical connection of each, and showed the order 
in which, as he believed, they had successively appeared. The oldest 
pointed, in his opinion, to a former land-connection between the w'cst and 
south-west of Ireland and the north of Spain. The second showed an 
ancient prolongation of the south-w’’est of England and south-east of 
Ireland across the Channel Isles into France. The third connected the 
Chalk Downs of the south-east of England ^vith those of northern 
France. The fourth, restricted to the higher hills and mountains, 
was shown to be Scandinavian in character, and to have spread over the 
country during the time when an Arctic climate prevailed in northern 
and central Europe. The fifth or genei'al flora was i*ecogiiised as identiciil 
with that of central and western Europe, and to have come into Britain 
as the latest plant-migration of the whole. These early and suggestive 
generalisations of Forbes have been modified and extended by later 
research, but his luminous essay ought still to be read by every student 
who desires to obtain a broad and vivid conception of the way in- wliich 
geological history may be made to interpret the distribution of the 
present plant and animal life of the earth’s surface.^ 

The profound geological interest of the present geographical distiibu- 
tion of plants and animals has been indicated in some of the most 
important contributions to geological literature. Thus the subject was 
luminously treated by Darwin in chapters xii and xiii. of his ‘ Origin of 
Species,’ and by Lyell in chapters xxxviii. to xli. of his ‘Principles of 
Geology.’ It has been ably discussed by Mr. A. R. Wallace in his 

^ “ On the Connexion between the Distribution of the existing Fauna and Flora of the 
British Isles and the Geological changes which have affected their area, especially during 
the epoch of the Northern Drift.” Mem. Oeol. Sm'v. i. (1846), pp. 336-432. 

^ The student, after studying this memoir, may with advantage turn to the little volume 
by Mr. Clement Beid, ‘ The Origin of the British Flora,’ Loudon, 1899, where ho will find 
the subj ect discussed in the light of the vast amount of geological work that has been done 
since the pioneer work of Edward Forbes, whose generalisations were necessarily imperfect 
and in some respects erroneous. 
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works on the ‘Geographical Distribution of Animals’ (2 vols. 1876) 
and on ‘Island Life’ (1880).^ 

4. Imperfection of the Geological Record/^ — Since the 
statement was made by Darmn, geologists have more fully recognised 
that the history of life has been very imperfectly chronicled in the stratified 
parts of the earth’s crust. Apart from the fact that, even under the most 
favourable conditions, only a small proportion of the total flora and fauna 
of any period would be preserved in the fossil state, enormous gaps occui* 
where, from non-deposit of strata, no record has been preserved at all. It 
is as if whole chapters and books were missing from a historical work. 
But even where the record may originally have been tolerably full, power- 
ful dislocations have often thrown considerable portions of it out of sight. 
Sometimes extensive metamorphism has so affected the rocks that their 
original characters, including their organic contents, have been destroyed. 
Oftenest of all, denudation has come into play, and vast masses of strata 
have been entirely worn away, as is shown not only by the erosion of 
existing land-surfaces, but by the abundant unconformabilities in the 
structure of the earth’s crust (p. 820). 

While the more fact that one series of rocks lies unconformably on 
the denuded surface of another, proves the lapse of an interval between 
them, the I’olativo length of this interval may sometimes be demonstrated 
by means of fossil evidonoe, and by this alone. Let us suppose, for 
example, that a certain gro\ip of formations has been disturbed, upraised, 
denuded, and covered unconforaiably by a second group. In lithological 
.characters, the two may closely rosomblo each other, and there may be 
nothing to show that the gap represouted by their unconformability is 
of an important character. In many cases, indeed, it would be quite 
impossible to pronounce any well-grounded judgment as to the length 
of interval, even measured by the vague relative standards of geological 
chronology. But if each group contains a woll-presorvo<l suite of organic 
remains, it may not only be possible, but easy, to say how much of the 
known geological record has been left out between the two sets of 
formations. By comparing the fossils with those obtained from regions 
where the geological record is more complete, it may be ascertained, 
perhaps, that the lower rocks belong to a certaixi platform or stage in 
geological history which, for our present purpose, wo may call D, and 
that the upper rocks can, in like manner, be paralleled with stjige H. It 
would bo then apparent that, at this locality, the chronicles of throe great 
geological periods, K, B, and G, wore wanting, which are elsewhere found to 
be intercalated between I) and H. The lapse of time represented by this 
unconformability would thus bo equivalent to that re<iuired for the accumu- 
lation of the throe missing series in those regions where, sedimentation 
having been moi‘e continuous, the record of them has been preserved. 

^ Among tlio troatlHOii iu wliicli this subject is tloalt with reference may again be made 
to those of Professor Gaiulry, cited on p. 824. ^’ho liistory of the fauna of Europe has 
been ably investigated by Br. K. P. Scliarif [Proc, Ro^/. Iris/i Ami, 1897, pp. 427-514, and 
his separate volume on ‘ The History of the European Fauna,’ 1 899). 

a See p. 856. 
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But fossil e^'idence may be made to j)rove the existence of gaps which 
are not othen^’ise apparent. As has been already remarked, changes in 
organic foims have probably been, on the whole, extremely slow in the 
geological past. The whole species of a sea-floor could not pass entirely 
away, aitd Ije replaced by other forms, without the lapse of long periods * 
of time. If, theii, among the conformable stratified deposits of former 
ages, we encounter abrupt and important changes in the facies of the 
fossils, we may be certain that these must mark omissions in the record, 
which we may hope to fill in from a more perfect series elsewhere. The 
sticking palieontological contrasts between unconformable strata are 
sufficiently explicable. It is not so easy to give a satisfactory account of 
those which occur where the strata are strictly conformable, and where 
no evidence can be observed of any considerable change of physical con- 
ditions at the time of deposit. A group of quite conformable strata, 
ha^nng the same general lithological characters throughout, may be 
marked by a great discrepance between the fossils of the upper and the 
lower part. A few species may pass from the one into the other, or 
perhaps every species may be different. In cases of this kind, when 
proved to be not merely local but persistent over considerable areas, we 
must admit, notwithstanding the apparently undisturbed and continuous 
character of the original deposition of the strata, that the abrupt transi- 
tion from the one facies of fossils to the other represents a long interval 
of time which has not been recorded by the deposit of strata. Sir A. C. 
Eamsay, who called attention to these gaps, termed them “breaks in the 
succession of organic remains.”^ They occur abundantly among the, 
European Palaeozoic and Secondary rocks, which, by means of them, can 
be separated into zones and sections (see postea, p. 860 ). But though 
traceable over wide regions, they were probably not general over the 
whole globe. So far as geological evidence can show, there have never 
been any universal interruptions in the continuity of the chain of being. 
The breaks or apparent interruptions no doubt exist only in the sedi- 
mentary record, and may have been produced by geological agencies of 
various kinds, such as cessation of deposit from failure of sediment owing 
to seasonal or other changes ; alteration in the nature of the sediment 
or character of the water ; variations of climate from whatever cause ; 
elevation or subsidence by subteiTanean movements, bringing successive 
submarine zones into less favourable conditions of temperature, &c. ; 
and volcanic discharges. The physical revolutions, whiAi l'rt)Ughi about 
the breaks, were no doubt sometimes general over a whole zoological 
province, more frequently over a minor region. Thus, at the close of the 
Tiiassic period the inland basins of central, southern, and western Europe 
were effaced, and another and different geographical phase was introduced 
which permitted the spread of the peculiar famia of the “Avicula contorta 
zone ” from the south of Sweden to the plains of Lombardy, and from the 
north of Ireland to the eastern end of the Alps. This phase in turn dis- 
appeared to make way for the Lias with its numerous “zones,” each 
distinguished by the maximum development of one or more species of 
^ Q. L G, S. xix. xx. Presidential Addresses. 



SUBDIVISIONS OF GEOLOGICAL BEGGED 


843 


§iv 5 


ammonite.^ These successive geographical revolutions must, in many 
cases, have caused the complete extinction of genera and species possess- 
ing a small geographical range. Nevertheless, it must be admitted that 
in many instances where fossil species have a wide geographical exten- 
, sion, but a limited stratigraphical range, such as the species of Silurian 
gi’aptolites and Jurassic ammonites, no satisfactory evidence has been 
adduced to connect the change of species with geographical revolutions. 
There may be some biological law not yet perceived, which has governed 
such organic mutations. 

It is abundantly clear, however, that the gooh^i^ical record, as it now 
exists, is at the best but an imperfect chronicle of history. In 

no country is it complete. The lacunae of one region may be supplied 
from another ; yet in proportion to the geogi^aphical distance between the 
localities where the gaps occur and those whence the missing interA'als 
are sujjplied, the element of uncertainty in our reading of the record is 
increased. The most desirable method of research is to exhaust the 
evidence for each area or province, and to compare the general order of 
its succession as a whole, with that which can be established for other 
provinces. It is, therefore, only after long and patient observation and 
compaiison that the geological history of different quarters of the globe 
can be correlated.^ 

5. Subdivisions of the Geological Eocord by means of 
Fossils. — As fossil evidence furnishes a much more satisfactory and 
widely applicable means of subdividing the stratified rocks of the earth’s 
crust than mere lithological characters, it is made the l)asis of the geo- 
logical classification of these rdcks. Thus, a particular zone or gi*oup of 
strata may be ascertained to be marked by the occurrence in it of vaiious 
fossils, one or more of which may bo distinctive, either from occurring in 
no other zone or group, or from special abundance in that zone. These 
species may, therefore, be used as a guide to tlie occiUTenco of the zone in 
question, which may be called by the name of the most abundant species. 
In this way, a geologiail horizon or zone is marked ofi*, and geologists 
thereafter recognise its position in the geological series/* But before such 
a generalisation am be safely made, we must l)e sure that the species in 
question really never does characterise any other platform. This evi- 
dently demands wide experience over an extended field of ol)servatioii. 
The assertion that a particular species or genus occurs only on one 
horizon, or within certain limits, manifestly rests on negative evidence 
as much as on positive. The palieontologist who makes it cannot mean 
more than that he knows the species or genus to lie on that horizon, or 

^ Consult on this subject the memoirs on Jumsic geography of llio late rrofesHor 
Nouraayr, quoted ante, pp. 834, 835. 

® For au example of the working out from fossil evidence of the history of the vnrious 
provinces or regions of a lai’go ai’ea of the earth’s surface during an ancient geological peno<l, 
see the digest given by Professor Hyatt of what is known of the Jurassic tracts of Europe, 
in his essay on the ‘Genesis of the Arietidee,’ chap. iv. 

® This subject is more fully discussed in the introductory part of Book VI., which treats 
of Stratigraphical Geology. 
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within those limits, and that, so far as his own experience and that of 
others goes, it has never been met with beyond the limits assigned to it. 
But a single instance of the occurrence of the fossil in a diflPerent zone 
would gr*eatly damage the value of his generalisation, and a few such 
cases would demolish it altogether. The genus Arethusim^ for example, . 
had long been known as a characteristic trilobite of the lower zones of the 
third or highest fauna of the Bohemian Silurian basin. So abundant is 
one species {A- Konmcld) that Barrande collected more than 6000 
specimens of it, generally in good preservation. But no trace of it 
had been met with towards die upper limit of the Silurian fauna. 
Eventually, however, a single specimen of a species so nearly identical 
as to be readily pronounced the same was disinterred from the upper 
Devonian rocks of Westphalia — a horizon separated from the upper limit 
of the genus in Bohemia by at least half of the vertical height of the 
Upper Silurian and by the whole of the Lower and Middle Devonian 
rock-groups.^ Such an example showed the danger of founding too much 
on negative data. To establish a geological horizon on limited fossil 
e\'idence, and then to assume the identity of all strata containing the 
same fossils, is to reason in a circle, and to introduce utter confusion into 
our interpretation of the geological record. The first and fundamental 
point is to determine accui‘ately the superposition of the strata. Until 
this is done, detailed palseontological classification may prove to be 
worthless. 

From what has been above advanced, it must be evident that, even if 
the several gi'oups in a series or system of rocks in any district or country^ 
have been found susceptible of minute subdivision by means of their 
charactei-istic fossils, and if, after the lapse of many years, no discovery 
has occurred to alter the established order of succession of these fossils, 
nevertheless the subdivisions may only hold good for the region in which 
they have been made. They must not be assumed to be strictly applic- 
able everywhere. Advancing into another district or country, where the 
petrographical characters of the same formation or system indicate that 
the original conditions of deposit must have been very different, we ought 
to be prepared to find a greater or less departure from the first observed, 
or what we unconsciously and not unnaturally come to look upon as the 
normal, order of organic succession. There can be no doubt that the 
appearance of new organic forms in any locality has been in large measure 
connected with such physical changes as are indicated by diversities of 
sedimentary materials and an'angements. The Upper Silurian stages, for 
example, as studied by Murchison in Shropshire and the adjacent counties, 
present a clear sequence of strata well defined by characteristic fossils. 
But within a distance of sixty miles, it becomes impossible to establish all 
these subdivisions by similar fossil evidence. Again, in Bohemia and in 
Russia we meet with still greater departures from the order of appear- 
ance in the original Silurian area, some of the most characteristic Upper 
Silurian organisms being there found beneath strata replete with records 
of Lower Silurian life. Nevertheless, the general succession of life from 
^ Barrande, * Reapparition dn genre Arethusina,’ Prague, 1868. 
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Lower to Upper Silurian types remains distinctly traceable. Still more 
startling are tbe anomalies, already referred to, where the succession of 
terrestrial organisms in distant regions is compared with that of the 
associated marine forms ; as where, in Australia, a flora, with what had 
been regarded as Jurassic affinities, was contemporaneous with a Carbon- 
iferous fauna. Such facts warn us against the danger of being led astray 
by an artificial precision of palaeontological detail. Even where the 
palaeontological sequence is best established, it rests, pro])ably in most 
cases, not merely upon the actual chronological succession of organic forms, 
but also, far more than is usually imagined, upon original accidental dif- 
ferences of local physical conditions. As these conditions have constantly 
varied from region to region, it must comparatively seldom happen that 
the same minute palaeontological subdivisions, so important and instructive 
in themselves, can be identified and paralleled, except over comparatively 
limited geogi'aphical areas. The remarkable “zones” of the Lias, for 
instance, in central and western Europe, cease to bo traceable as we 
recede from their original geogi’aphical province. 

§ V. Bearing of Palaeontological data upon Evolution. — Since 
the researches of William Smith at the end of last century, it has been 
well understood that the stratified portion of the earth's crust contains a 
suite of organic remains in which a gi’adual progression can be traced, 
from simple forms of invertebrate life among the older rocks to the 
most highly differentiated mammalia of the present time. Until the 
appearance of Darwin's ‘Origin of Species' in 1859, the significance of 
this progression, and its connection with the biological relations of exist- 
ing faunas and floras were only dimly perceived, though Lamarck had 
proposed a theory of development, in suppoii) of which appeals had been 
made to the organic succession revealed by the geological record. 
Darwin, arguing that, instead of being fixed or but slightly alterable 
forms, species might be derived from others, showed that processes wore 
at worl^ whereby it was conceivable that the whole of the existing 
animal and vegetable worlds might have descended from, at most, a very 
few original forms. From a large an*ay of facts, drawn from observations 
made upon domestic plants and animals, he infoired that, from time to 
time, slight peculiarities due to differences of climate, A'c., appear in the 
offspring which were not present in the pai’ent, that these peculiarities 
may be transmitted to succeeding generations, especially where from 
their nature they are useM in enabling their possessors to maintain 
themselves in the general struggle for life. Hence vmieties, at first 
arising from accidental circumstances, may become permanent, while the 
original form from which they sprang, being less well adapted to hold its 
own, perishes. Varieties become species,,, and specific differences pass in 
a similar way into generic. The most successful forms are, by a process 
of “ natural selection,” made to overcome and sumve those that are less 
fortunate, the “ survival of the fittest ” being the general law of nature. 
The present varied life of the globe may thus, according to Darwin, l)e 
explained by the continued accumulation, perpetuation, and increase of 
differences in the evolution ,.of plants and animals during the whole of 
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geological time. Hence the geological record should contain a more or 
fess full chronicle of the progress of this long history of development. 

It is now well known that in the embryonic development of animals, 
there are traces of a progress from lower or more generalised to higher 
or more specialised types. Since Darwin’s great work appeared,* 
naturalists have devoted a vast amount of research to this subject, and 
have sought with persevering enthusiasm for any indications of a relation 
between the order of appearance of organic forms in time and in 
embryonic development, and for evidence that species and genera of 
plants and animals have come into existence in the order which, according 
to the theory of evolution, might have been anticipated. 

It must be conceded that, on the whole, the testimony of the rocks is in favour of 
the doctrine of evolution. That there are difficulties still unexplained, must be frankly 
granted. Darwin strongly insisted, and with obvious justice, on the imperfection of 
the geological record, as one gi’eat soui'ce of these difficulties. Objections to the 
development theory liave been drawn from the observed order of succession of plants, 
and the supposed absence of transitional forms among them. Ferns, equisetums, 
and lycopods, it is affirmed, appear as far back as the Old Bed Sandstone, not in 
simple or more generalised, but in more comidex structures than their living representa- 
tives. The earliest known conifers were w^ell-developed trees, with woody structure 
and fruits as highly differentiated as those of the living types. The oldest dicoty- 
ledons yet found, those of the Cretaceous formations, contain representatives of the 
thi‘ee great divisions of ApeiaIcBi Monopetakc, and Polypctalw in the same deposit. 
These **are not generalised types, but differentiated forms which, during tlie interven- 
ing epochs, have not developed even into higher generic groups. 

Professor A. Agassiz has drawn attention to the parallelism between embiyonio 
development and palseontological histoiy. Taking the sea-urchins as an illustrative* 
group, he points out the interesting analogies betiveen the immature conditions of 
living forms and the appearance of corresponding phases in fossil genera. He admits, 
however, that no eai’ly type has yet been discovered w’hence star-fishes, sea-urchins, or 
ophiurans might have sprung; that the several orders of echinoderms appeal* at the 
same time in the geological record, and that it is impossible to ti*ace anything like a 
sequence of genera or direct filiation in the paleontological succession of the echinids, 
though he does not at all dispute the validity of the theory which regards the present 
echinids as having come down in direct succession from those of older geological times.’** 
In the case of the numerous genera which have continued to exist without interruption 
from early geological periods, and have been termed “persistent types,” it is iini)088ible 
not to admit that the existing forms are the dhect descen(iants of those of former ages. 
If, then, some genera have unquestionably been continuous, the evolutionist argues, it 
may reasonably he inferred that continuity has been the law, and that even where the 
successive steps of the change cannot be traced, evei’y genus of the living world is 
genetically related to other genex*a now extinct. 

Professor A. Hyatt, who has closely studied the Cephalopoda, regards them as 
furnishing clear evidence of evolution. Returning to some of the ideas of Lamarck on 
development, he concludes that “ the effoi*ts of the orthoceratite to adapt itself fully to 
the requii*ements of a mixed habitat, gave the world the Hautiloidea ; the efforts of the 

^ W. Carruthers, GeoL Mag, 1876, p. 362. Further study, however, has shown the 
existence of early generalised types such as the Cordaitnceie whicli unite some of the 
characters of conifers, cycads, and ferns. 

2 Am, Mag, Mat, Hist, Nov. 1880, p. 369. “Report on Echinoidea,” OiaXlmyer Ex- 
pedition, iii. p. 19. The phyllogeny of the Graptolites was treated of by the late Professor 
H. A. Nicholson and J. Marr, Qed, Mag. 1895, p. 529. 
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same type to become completely a littoral crawler, developed the Ammonoidea. ’* He 
thinks that, on the whole, the observed sucession of the organisms in time coincides 
with what on the theory of evolution it ought to have been. “The straight cones pre- 
dominate in Silurian and earlier periods, while the loosely coiled are much less numer- 
ous, and the close -coiled and involute, though present, are exti’emely rare.” He 
• believes that traces of this succession may be found in the structure of the shells them- 
selves. The nautilus, in its embryological development and subsequent 'gro^vth, passes 
through the stages of the nearly or quite straight shell, then of a slightly curved shell, 
and then of a completely curved shell, the spiral being continued till sometimes the 
inner whorls are entirely enveloped in the outer. ^ 

Neumayr, from a prolonged study of European Jurassic and Cretaceous cephalo- 
pods, concluded that “ propagation, filiation, and migration are sufficient to explain 
the origin of the whole Jurassic Ammonite and Belem iiite fauna of central Europe. 
There is nothing to warrant the supposition of any new creation, but all the known 
facts are in harmony with the theory of descent.” ^ 

Among the fossil mammalia many indications have been pointed out of an evolution 
of structure. Of these, one of the best known and most striking is the genealogy of the 
horse, as worked out by Professor 0. C. Marsh. ^ The original, and as yet undiscovered, 
ancestor of our modem horse had five toes on each foot. In the oldest knowm equine 
type (Eohippus — an animal about the size of a fox, belonging to the early part of the 
Eocene period) there wore four well-developed toes, with the rudiment of a fifth, on 
each fore-foot, and three on each hind-foot. In a later part of the same geological 
period appeared the Orohippus, a creature of about the same size, but with only four 
toes in front and three behind. Traced upwards into younger divisions of the Tertiary 
series, the size of the animal increases, but the number of digits diminishes, until we 
reach the modern Equus, with its single toe and rudimentary splint-bones. 

Another remarkable examido, that of the camels, was cited by Professor E. D. Cope. 
The succession of genera is seen in the same parts of the skeleton as in the ease of the 
horse. The metatarsal and metacarpal bones are or are not co-ossified into a cannon 
bone ; the first and second sutierior incisor teeth are present, rudimentaiy or wanting, 

^ Sewuef iii. (1884), pp. 122, 146. For an elaborate presentation of his views see his 
essay on the ‘Genesis of the Ariotid©,* Mem. Mus. Comy^. Zool. Harmrfl. xvi, (1889), 
where full references to the literature of the subject treated of by him will be found. See 
also A. H. Poord, Qcol, Mag. 1896, p, 391. The evolution of the Biuchlopoda is discussed by 
Miss A. Crane, Gcol. Mag. 1895, pp. 65, 103. 

^ Gcol, Rciclisamt. xxviii, (1878), p. 78; viho AhluvMll, Gcol. Relchmn^t. 1873; 

K. Ahad. Wise. Wien, Ixxi. (1875), p. 639. Vcft'h. Gcol. Reichnatist. 1880, p. 88 (in 
reply to the anti-Darwinian views of T. Fuchs, op eU. 1879, 1880), and his memoirs already 
cited on pp. 834, 836. W. Branco, Z. D. G. G. xxxii. (1880), ]>. 696. An example of the 
tracing of pedigree among trilobites was supplied by It, Hoernes, Jahrh, Gaol, Jteirhmiiat, xxx. 
(1880), p. 661. On the geological liistory and afliliations of the Paleozoic invertebrates, the 
student should consult Professor Gaudry’s ‘ Les Euchalnoments du Monde Animal : 
Fossiles Primaires,* 1883. Coming up into the ranks of the vertebrates be will find the 
bearing of the history of fossil fishes on evolution discussed by Dr. Traquaix* in his Address 
to the Zoological Section of British Association 1900. 

3 Jimer, Joum, Sci, 1879, p. 499. Consult also his interesting paper on “Recent 
Polydactyle Horses,” op, ciL xlii. (1892), p. 389, and his paper on the “Origin of Mammals,” 
Geol. Mag. 1899, p. 13. There is a valuable essay by Professor K. von Zittel on the 
“ Geological Development, Descent and Distribution of the Mammalia,” Geol. Mag. 1893, pp. 
401-412, 466-468, 501-614, translated from Siia. Layer. Ahad.^ Munich, xxiii. (1893) ; and 
another by Professor Osborn on “The Rise of the Mammalia in 'North America,” Amer. 
Joum. Soi.j Nov., Dec. 1898, NaturCi xlix. (1894), p. 236. See also the volume by Dr. 
Sebarff, cited ante^ p. 841. 
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and the premolar number from four to one. The chronological succession of genera 
was given by Cope as follows : 

No cannon bone. Cannon bone present. 

Incisor teeth present. Incisors 1 and 2 wanting. 


4 premolars. 3 premolars. 


Lower Miocene . . Poebrotherium. 

f Protolabis. 

Upper Miocene . . - Procamelus. 

[ Plianchenia. 

Pliocene and recent -[ 


2 premolars. 1 premolar. 


Camelus. 


Auchenia. 


According to this table, the Camelidse have gi*adually undergone a consolidation of 
the bones of the feet, with a great reduction in the number of the incisor or premolar 
teeth. Cope indicated an interesting parallel between the palseontological succes- 
sion and the embryonic history of the same parts of the skeleton in the living camel. ^ 
Among the Carnivora, as M. Gaudry has pointed out, it is possible not only to trace the 
ancestiy of existing species, but to discover traits of union between genera which at 
present seem far removed.^ The same distinguished paliEontologist has shown the 
interesting dental evolution between the teeth of the Middle Miocene Jlasfodo^i aud 
those of the post-Plioeene IMammoth, and again between those of the Lower Oligocene 
Amphieyon and those of the Quaternary cave-bear.^ 

It is not necessary here to enter more fully into the biological aspect 
of this wide subject. While the doctrine of evolution has now obtained 
the assent of the great majority of naturalists all over the globe, even 
the most strenuous upholder of the doctrine must admit that it is 
attended vdth palaeontological diflSculties which no skill or research* 
has yet been able to remove. The pi’oblem of derivation remains 
insoluble, nor perhaps may we hope for any solution beyond one 'vvithin 
the most indefinite limits of correctness.^ But to the palaeontologist, it 
is a matter of the utmost importance to feel assured that, though he may 
never be able to trace the missing links in the chain of being, the chain 
has been unbroken and persistent from the beginning of geological time. 

It was remarked above (p. 839) that, while the general march of life 
has been broadly alike all over the world, progress has been more rapid 
in some regions, and likewise in some gi'ades of organic being, than in 
others. The evolution of terrestrial plants and animals appears to have 
been much less uniform than that of marine life, at least than that of the 
marine mollusca. It has been suggested that the climatic changes, 
which have had so dominant an influence in evolution, would affect land- 
plants before they influenced marine animals. Certainly a number of 
instances are known where an older type of marine fauna is associated 


^ Americcm JYaturalist, 1880, p. 172. M, Gaudrj^ traces^ an analogous process in the 
foot-bones of the ruminants of Tertiary time, ‘ Les Enchainements du Monde Animal * i. 

p. 121. 

2 Op. cit. p. 210. 

® ‘ Essai de Pal4ontologie Philosophiqne,’ p. 188, ct seq. Compare also his paper on the 
dentition of man and certain animals, Anthropologie, xii. (1901), pp. 1 and 518.' 

^ A. Agassiz, Ann, 2,Lag. Kat. Eist 1880, p. 372. 
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with a younger type of terrestrial flora. Besides those ah*eady cited 
(p. 839), reference may he made to the flora of Fiinfkirchen in Hungary, 
which, though Triassic in type, occurs in strata which have been classed 
with the PalsBozoic Zechstein ; and to the Upper Cretaceous flora of Aix- 
la-Chapelle, which, with its numerous dicotyledons, has a much more 
modern aspect than the contemporaneous fauna. In the Western 
Territories of North America, much controversy at one time arose as to 
the position of the “ Laramie series,’’ its rich terrestrial flora having an 
undoubted Tertiary facies, while its fauna is Cretaceous. According to Th. 
Fuchs, the most important turning-point in the history of the plant-world 
is to be found not, as in the case of the terrestrial fauna, between the 
Saimatian stage and the Gongerm-h^di^, but on an older horizon, namely 
between the first and second Mediterranean stage.^ Nor is this inter- 
calation of typos characteristic of other periods entirely confined to the 
vegetalde world. Examples may be found of survivals of types of 
terrestrial animals when the contemporaneous marine fauna has become 
distinctly more modern. The pi*esent mammals of Australia and New 
G-uinea are more allied to forms that lived in Mesozoic time than to those 
now living in other countries. The remarkable mammalian fauna of 
Pikenni, with Miocene affinities, has been found to lie upon strata con- 
taining Pliocene marine shells. 

From what has now been stated, it will be understood that the exist- 
ence of any living species or genus of plant or animal, ^vithin a certain 
geogi'apliicjil area, is a fact which cannot be explained except by refer- 
ence to the geological history of that species or genus. The existing 
forms of life are the outcome of the evolution which has been in progi*ess 
during the whole of geological time. From this point of view, the 
investigations of paloeoiitological geology are invested with the pro- 
fouudest interest, for they bring before us the history of that living 
creation of which wo form a part. 

§ Vi. The Colleeting of Fossils. — Some practical suggestions regard- 
ing the search for fossils may be of service to the student. Any sediment- 
ary rock may possilfly enclose the remains of plants or animals. All 
such rocks should therefore be searched for fossils. A little practice will 
teach the learner that some kinds of sedimentiiiy rocks are much more 
likely than others to yi(3ld organic remains. Limestones, calciireous 
shales, and clays are often fossiliforous ; coarse sandstones and con- 
glomerates are seldom so. ■ Yet it will not infrequently be found that 
rocks which might bo expected to contain fossils are barren, while even 
coarse conglomerates may, in rare cases, yield the teeth and bones 
of vertebrates or other durable relics of once living things. The peculi- 
arities of the rocks of each district must, in this respect, be discovered by 
actual careful scrutiny. 

As organic remains usually iliffer more or less, both in chemical composition and in 
minute texture, from the matrix in which they are imbedded, they weather differ- 
ently from the surrounding rock. In some instances, whore they are more durable, 
they project in relief from a weathered surface ; in others they decay, and leave, as 

1 K. Weiss, JSreim Mrb. 1878, p7 180 ; also Z, D, G, O, xxix. p. 25*2. 
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cavities, tlie moulds in wliich they have lain. One of the first requisites, therefore, 
in the examination of any rock for fossils is a careful search of its weathered parts. In 
the great majority of cases, its fossiliferous or non-fossiliferous character may thereby 
be ascertained. 

When indications of fossils have been obtained, the particular lithological characters 
of the part of the rock in which they occur should bO noted. It will often be found 
that the fossils are either confined to, or are more abundant and better preserved in, 
certain zones. These zones should be explored before the rest of the rock is examined 
in detaiL Where fossils decay on exposure, the rock containing them must be broken 
open so as to reach its fresher portions. Where the rock is not disintegrated in 
weathering, it must likewise be split up in the usual waj"^. But where it crumbles iinder 
the influence of the weather, and allows its fossils to become detached from their matrix, 
its debris should be examined. Shales and clays are particularly liable to this kind 
of disintegration, and are consequently deserving of the fossil - collector’s closest 
attention, since from their decaying sui;face8 he may often gather the organisms of past 
times, as easily as he can pick up shells on the present sea-shore. 

But the task of the collector does not end when he has broken open several tons, 
perhaps, of fresh rock, and has searched among the weathered ddbris until he can no 
longer meet with any forms he has not already found. In recent years, methods have 
been devised for enabling him to extract the minuter organisms from rooks. Some of 
these methods are described in the following pages. They show that a deposit, other- 
wise supposed to be unfossiliferous, may be rich in foraminifera, entomostraca, &c., so 
that, besides the abundant fossils readily detected by the naked eye in a rock, there 
may be added a not less abundant and varied collection of microzoa.^ 

As each variety of rock has its own peculiarities of structure, which may vary from 
district to district, the appliances of the fossil collector must likewise be varied to suit 
local requirements. The following list comprises his most generally useful accoutre- 
ments ; but his own judgment will enable him to modify or supplement them according 
to his needs : — 

List of Applianees useful in FossU-coUecting. 

1. Several hammers, varying in size according to the nature of the rocks to bo 

examined. Where these are tough and hard, a hammer weighing 2 lbs. may 
be needed. A small trimming hammer (6 oz. ) for reducing the size of specimens 
is essential 

2. Several chisels of different sizes and shapes. 

3. A small pick weighing 1 lb., useful for loosening blocks of rocks from their bod. 

4. A small trowel, used for scooping up weathered d6bris of shale, &c. 

5. A gardener’s spade with circular cutting edge ; of use in lifting slabs of shale, 

6. Pair of strong pincers, like those used for cutting vrire, for reducing si>ecirn(jiia 

which might go to pieces under a blow of a hammer. • 

7. A collecting-bag (canvas or leather). 

8. A supply of nests of pill-boxes for more delicate specimens. 

9. Brown and softer grey wrapping paper (old newspapers are seiwicoablc). 

10. Gummed labels, numbered to correspond with those in the collecting-book. 

11. Note-book or collecting-book, in which, where practicable, each specimen is 

entered under its number, with all particulars of its exact locality, geological 
horizon, &c. 

12. Fish-glue, a thin solution of which is useful to preserve spocimous that may bo 

liable to crack into pieces. 

^ The following descriptions of methods of searching for fossil microzoa have been drawn 
up from notes for which I was indebted to the late Mr. James Bennie, Fossil Collector 
of the Geological Survey of Scotland, who was singularly successful in increasing our 
knowledge of the minuter forms of animal life in the Carboniferous system. 
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To these simple appliances others of a more recondite nature have been added by 
various paLeontologista. Thus iM. Lemoine has employed the Rdntgen i*ays as a means 
of discovering the existence of bones or other organisms in the heart of an unbroken 
block of stone. ^ IMr. Bernard has recommended the adoption of the artificial sand-blast 
as an effective method of developing trilobites from amidst the matrix in which they 
a*re imbedded.- Obviously the ingenuity of the collector will suggest the best means of 
obtaining the results he desires. 

Weathered Shales. — The heaps of shale thrown out in quarrying operations, 
afford excellent gi’ound for fossil-hunting. It is best to begin at the bottom of a heap, 
and to .creep slowly along the same level for a dozen yards or so, where the ground to 
bo examined is extensive ; then to return along a band slightly higher, and so on 
backward and forward until the top is reached, which may be searched in breadths of 
a yavd at a time. In this way, the more prominent fossils may be obtained. Large and 
thin fossils, such us shells of Pectm, Mocliola, &c., which break into fragments in 
weathering, must bo sought for in the less-decayed parts of the shale. When found, 
the matrix around them should be reduced to the desired size by means of pincers. 
They should then ho wi’apped up in a box, or, at least, secured against injury in the 
homeward transport, and as soon as possible thereafter should be dipped in a thin 
solution of fish-glue and allowed to di*y slowly in the air. As a rule, particularly where 
the structure of a fossil is woll-pi*eserved, it is desirable to retain also the surface of 
rock containing its impression, which not infrequently affords evidence of sti-uctoe 
that may be loss distinctly preserved on the counterpart, or side to which the main 
portion of the fossil has adhered. 

8oine fossils of great delicacy, such as fronds of FeneateUa, which go to pieces as the 
rock weathers, may bo extracted by an ingenious process devised by the late Mr, John 
Young,' Curator of the Huiiteriau Museum, Glasgow University, If the shale on which 
such organisms lie is liable to go to pieces, it may bo sxiliicieutly secured for transport 
by being coated with a thin solution of gum, which is allowed to diy before the specimen 
is packed up. If the actually exposed face of the MncstcUa is intended to be exhibited, 
it may be cleaned from the gum or from any adherent shale by being rubbed (luickly 
witli a wet nail-brush and wiped with a clean damp sponge, care being taken that the 
gum holding down the lower surface of the fossil is not softened, and that the shale does 
not get too wot. If, on the other hand, it is desirable to expose the face of the frond 
, that adheres to the shale, this may bo effected as follows. All truce of any gum that 
may have been used should bo»cui*ofully removed. The specimen is then wai*mod before 
a fire, and a thin layer of iisphalt is molted over it by means of a hot iron rod. If the 
frond to be lifted is large, a thick strong cake should be formed upon the specimen by 
using alternate layers of strong brown paper and asphalt, the paper always forming the 
outer surface of the cako. When the cohesion between the asphalt and tlie specimen is 
firm, the whole is then placed in water, when the shale generally crumbles down and 
can bo removed, leaving the Fcmatella adhering to the asplialt. In tins way, the 
poriferous surface, which, for the most part, clings to the shale when tlie rock is broken 
open, is laid bare. By gently brushing the specimen with water, its minute stnicture 
maj^e revealed, the delicate network lying on the asphalt like a piece of lace upon a 
ground of black velvet. The cako of asphalt may then bo shaped and mounted on a 
wooden tablet.** 

But in most cases there are various minuter forms which escape notice, and which 
must be searched for in another way. To secure these, a little shale should be lifted 
with a tiowol from the most weathered parts wliere fossils are visible, the trowel being 
gently pushed along so as to remove only the superficial layer, where the fossils are 


1 i?. /V. a. F xxiv. (1896), p. 660. “ Oeol. J/ttff, 1894, p. 558. 

® Mr. Young kindly revised for me this account of his asphalt-process. 
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necessaoily more abundant from tlie disintegration and removal of the shale by rain, sun, 
and wind. If wet, the shale thus collected should be thoroughly dried in an oven or 
before a fire. Thereafter, it is to be well soaked in water till it crumbles down ; after 
gentle agitation, the muddy water should be poured off, the heavier particles being 
allowed to settle to the bottom. This process should be repeated till the sediment is 
so freed from clayey particles that it can be passed through sieves of different degrees 
of fineness. The several assortments thus obtained should then be boiled separately in 
a rather broad -bottomed goblet over a brisk fire for about half an hour, the boiling being 
continued with a change of water till little or no mud appears. The coarser parcels may 
then be dried and spread out on a school-slate, when, with lens and a camel-hair brush 
wetted at the point, the fossils may be easily picked out and dropped into a pill-box for 
further examination. The finer kinds may be separated into lighter and heavier portions 
by putting, say, a handful of the thoroughly dried sediment into a bowl, and turning a 
gentle stream of water upon it, when the lighter grains float and may be decanted into 
another vessel. These floated parts include the smaller kinds of foraminifera and ento- 
mostraca, the plates, anchors, crosses, and other spicules of holothurians and sponges, 
fragments of polyzoa, sliells, &c. The effect of boiling is to loosen these organisms from 
the matrix and to clean them more perfectly than can be done in any other way ; the 
minuter forms float oft* as dust. By this method of detection and selection, fossils 
which occur only in the proportion of one in a thousand of the particles may be easily 
secured. 

Unweathered Shales. — It often hai^pens that along cliff-sections, on the banks 
or beds of iivei*s or on the sea-shore, fossiliferous shales occur from which the weathered 
portions are continually washed or blown away, so that no opportunity occurs of 
adequately collecting tlio fossils from the exposed ddbris of the rocks. In such cases 
the solid, unweathered shale must be taken and treated somewhat differently. All 
layers of shale will not be found to ho equally rich iu microzoa, and it is desirable to try 
those first which seem most likely to yield satisfactory results — such, for instance, .as 
those which are otherwise most fossiliferous. Where shale occurs in association with 
limestone, the portions just beneath or above the limestone should first be searched. 
The parts selected should be dried as thoroughly as possible iu an oven or before a lire, 
and should then be put into water, and left there until they fall to pieces. The debris 
thus obtained is to be put into a rather wide-meshed sieve, and the coarser materials 
left behind may be again dried and steeped, this process being repeated two or three * 
times, or until the fragments undergo no further subdivision. When thus reduced as 
much as possible, the debris should be boiled as above desciibed. Some shales are com- 
pletely disintegrated at once by boiling *, others only after prolonged boiling, while some, 
though subdivided into small fragments, will not “dissolve,” that is, will not break up 
into such fine particles as to remain in mechanical suspension in the water. Sucli 
obdurate varieties must be examined in bulk. In the Oarboniferous system, the shales 
that boil down completely are those in which their component ai'gillaceous particles have 
been compacted merely by pressure, or with such light cementation as could he de- 
stroyed by boiling. They are usually grey beds, such as so often accompany limestones. 
The black shales, on the other hand, containing a considerable proportion of bituminous 
cement, will not thoroughly break up even after prolonged boiling.; 

Tlic drying and steeping here described may he regarded as processes of mpid artificial 
weathering. The effects of the heat of a fii’e upon shale resemble those of the sun’s rays, 
and the soaking in water is a counterpart of the action of rain. It is surprising how 
easily hard, compact shale, which can with, difficulty he broken or sidit with a hammer, 
^aay, by the method above specified, he reduced to dust or to fine granular debris, from 
which even delicate shells may easily be picked out entire. One may thus experiment- 
ally learn how important a part iu the disintegration of rocks must be taken by the 
alternate desiccation and saturation of their surfaces by sunshine and shower. 

Limestone and Ironstone. — Among fossiliferous limestones, i*emarkable differ- 
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ences are observable in the lithological condition of the enclosed fossils, and in the ease 
with which they can be recognised and extracted. It is only by diligent practice that 
these peculiarities can be so mastered as to enable the observ^er to make an exhaustive 
collection from the rocks which he explores. In some limestones, the organic remains 
afi’C specially abundant in particular layers or pockets. Fragments of these parts of the 
rock may be taken home, and their fossils may be extracted by fixing the block on a 
piece of lead 1 inch thick and about 6 inches square, and cutting out the desired speci- 
mens with hammer and chisel. Entomostraca, and other small organisms in which the 
valves are united, may also be obtained in a perfect condition from this class of rooks, by 
pounding fragments of the fossiliferous material with a hammer within the circle of a 
small iron ring or “ washer,'* one-eighth of an inch in thickness. As the rock is crushed 
by the blows of the hammer the organisms jump out of the matrix, but are retained within 
the bounds of the ring, which also answers as a gauge, preventing the material from 
being broken too small. The pounded rock is afterwards washed free from dust, dried 
and searched as above directed. Many limestones reveal their fossils best on -weathered 
surfaces. In such cases, it not infrequently happens that the upper part of the rock 
immediately below the soil or subsoil yields a richer harvest of good specimens than 
could be obtained by breaking open the fi'esh stone. Some of the rotten debris from the 
surface and fissures of the limestone should be carried home, washed and boiled, as in the 
treatment of shale. The minuter organisms may thus be recovered, and as these, when 
found in limestone, often dilFer in kind from those preserved in shale, no opportunity 
should be lost of searching for them. Soft, pulverulent limestones, such as chalk, should 
be gently levigated, the chalky water being poured ojBF and fresh water being added, until 
a granular residue of foraminifera, ostracods, shell fragments, &c., is obtained. Modules 
of limestone or ironstone often enclose fossils, but it is not always easy to split them 
open in such a way as to lay bare their organic nucleus. This, however, may frequently 
be effected by putting the nodule into a fire, and dropping it, when quite hot, into cold 
water. 

Clays. — These may be successfully treated for microzoa in the manner above de- 
scribed for sbales.^ Though they often contain much intemtitial moisture they are not 
readily levigated in water until after they have been thoroughly dried in an oven, before 
a fire, or in the sun. "When so treated they are easily reduced to fine mud, which may 
^ be removed iu suspension until a granular residue is left, which may be searched for 
fossils. But as many of the minuter organisms float when loosened from the matrix, the 
muddy water should be passed through a brass-wire sieve as fine as muslin. If the 
meshes become clogged, so that the water will not flow readily through them, a few 
smart taps on the side of the sieve will clear them. Should some portions of the clay 
refuse to pass into muddy suspension, oven after repeated trials, they will probably bo 
levigated by boiling, as for shale. Ti’eatod os here recommended, many glacial clays, 
which, to the eye, appear hopelessly unfossiliferous, may thus be made to yield an 
interesting group of Foramimfera^ Eiitomostra^a^ 

Peat. — Much interesting information as to the climatal changes of former periods 
may be gleaned in temperate latitudes from a study of the organic remains preserved in 
peat-mosses. Below the peat there may lie layers of clay or marl preserving the remains 
of plants and animals, belonging possibly to an arctic climate. In such positions at 
various places in Central Scotland, thousands of fragments of the little Greenland crust- 

1 On the biological investigation of clays see H. Munthe, QeoL Foren, StoMolm, xvi. 
(1894), p. 17. 

By the methods here recommended large additions have been made to our knowledge of 
the microzoa of the past. (See, for example, Mr. H. B. Brady’s researches on the Carboni- 
ferous Formnini/mt, and Professor T. It. Jones’s and Mr. Kirkby’s monograph on Oarhoni- 
ferous E7tto7rL08traca.) The existence of Holothuridce iu the Carboniferous sea was dis- 
covered entirely in this manner by the late James Bennie. 
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acean LqiUum or Apvs, together witli leaves of arctic willow and biroli, have been 
obtained. The bottom layers of the peat may also furnish northern species of plants. 
The upper spongy and' fibrous part is of compamtively little interest, as it is made up of 
the common marsh plants still living in the sunminding country.^ 

^ On the study of peat deposits see C. Eeid in Sundutry of Progrm of Qeulogiecd Siimi/ 
for 1898, p. l.'ifi. For methods of investigating the plants that form the snbstiuice of peat, 
see Gnnnar Anderssou, Qet^. Fdm. StncMidm, nv. (1892), pp. 16.5 and 506 ; consult also the 
same author’s papers on the preservation of Quaternary specimens of plants, Op. cit, .wiii. 
p. 492, and his essay on the botanical ex-amination of peat in SimsIm iIoiiskdl.itrfim TM\ 
1898. A. 6. Kellgren has described a new form of peat-borer, GW. Form. Stidiiohii, .vvi. 
(1894), p. 872. 



BOOK VL 

STRATIGEAPHTCAL GEOLOGY. 

This branch of the science arranges the rocks of the earth’s crust in the 
order of their appearance, and interprets the sequence of events of 
which they form the records. Its province is to cull from other depart- 
ments of geology the facts which may be needed to show what has been 
the progress of the planet, and of each continent and country on its 
surface, from the earliest times of which the rocks have preserved any 
memorial. Thus, from Mineralogy and Petrography, it obtains informa- 
tion regarding the origin and subsequent mutations of minerals and rocks. 
From Dynamical Geology, it ascertains by what agencies the materials 
of the earth’s crust have been formed, altered, broken or upheaved. 
From Geotectonic Geology, it understands in what manner these materials 
have been built up into the complicated cmst of the earth. From 
Palseontological Geology, it receives, in well-determined fossil remains, 
a clue by which to follow the relative chronology of stratified forma- 
*tions, and to trace the gi'and onward march of organised existence 
upon the planet. Stratigraphical geology thus gathers up the sum of 
aU that is ascertained by other departments of the science, and makes it 
subservient to the interpretation of the past geological history of the earth. 

The leading principles of stratigraphy have been indicated in the 
preceding pages, but may be summed up here as follows : — 

1. In every stratigraphical research, the fundamental requisite is to 
establish the true or original order of superposition of the strata. Until 
this is accomplished by careful study of the actual relations of the rocks 
in the field, it is impossible to arrange relative dates and make out the 
sequence of geological history. 

2. The stratified portion of the earth’s crust, or Geological Record, 
may be subdivided into natural groups or “formations” of strata, each 
marked throughout by some common facies of organic remains, that is 
by the occurrence of some characteristic genera or species or a general 
resemblance in their palaeontological type or character,^ or, for limited 
tracts of country, by some common lithological features. 

^ The student may consult an interesting paper hy Professor B. Renevier {Arch, SaL 
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3. Living species of plants and animals can be traced downward into 
the more recent geological formations; but grow fewer in number as 
they are followed into more ancient deposits. With their disappeara.nce, 
we encounter other species and genera which are no longer living. 
These in turn may be traced backward into earlier formations, till they 
too cease, and their places are taken by yet older forms. It is tlius 
shown that the stratified rocks contain the records of a gradual progres- 
sion of organic types. A species which has once died out docs not seem 
ever to have reappeared. 

4. When the order of succession of organic remains among the 
stratified rocks of a district or country has once been accurately determined 
on the basis of the true stratigraphical order, it becomes an invaluable 
guide in the investigation of the relative age and sti-uctural arrangoinents 
of these rocks, even in regions beyond that in which the organic succession 
has been first made out. Each zone or gi'oup of stratii, being characterised 
by its own species or genera, may be recognised by their moans, and the 
true succession of strata may thus be confidently established even in an 
area such as that of the Alps, wherein the rocks have been greatly 
fractured, folded, inverted, or metamorphosed. 

5. This succession of organic remains is never inverted in any region. 
It may not be all represented in a particular country, but those parts which 
are represented always come in their proper order, save vrhore they may 
have been subsequently disturbed by terrestrial movements. . 

6. The relative chronological value of the divisions of the (Soologicjil 
Record is not to be measured by mere depth of stiata. While a groat 
thickness of stiatified rock may be reasonably assumed to mark the 
passage of a long period of time, it cannot safely be affirmed that a much 
less thickness elsewhere represents a correspondingly diminished ponod. 
The truth of this statement may sometimes be made evident by an uncon- 
formability between two sets of rocks, as has already been explained, *< 
The total depth of both groups together may be, say, 1000 foot. Else- 
where we may find a single unbroken foimation rei«ching a depth of 
10,000 feet; but it would be utterly erroneous to^Wncludo that the 
latter must represent ten times the duration indicated by the two fonner. 
So far from this being the case, it might not be difficult to show that the 
minor thickness of rock really denotes by far the longer geologiciil interval. 
If, for instance, it were proved that both the sections lie on one and 
the same geological platform, but that the lower series in the one locality 
belongs to a far older system of rocks than the base of the thick con- 
formable series in the other, and that the upper unconformable series at 
the first place is of much later date than the upper portion of the thick 
series at the second, then it would be clear that the gap marked by the 
two thinner groups really indicates a longer period than the massive 
succession of deposits. 

7. Fossil evidence furnishes the chief means of comparing the rela- 

Phya. J^^at Geneva, 1884, xiL p. 297) on “Geological Facies.” The total moan depth of the 
fosslliferous formations or “Geological Record” in Enropo has l>een set down at 75,000 
feet, or upwards of 14 miles. 



BOOK VI 


PRINCIPLES OF STRATIGRAPHY 


857 


tive chronological value of groups of rock. A “ break in the succession of 
organic remains ” marks an interval of time often unrepresented by strata 
at the place where the break is found.^ The relative importance of these 
breaks, and therefore, probably, the comparative intervals of time which 
they denote, may be estimated by the difference in the facies of the fossils 
on each side. If, for example, in one case we find every species to be 
dissimilar above and below a certain horizon, while in another locality 
only half of the species on each side of a band are peculiar, we natur- 
ally infer, if the total number of species seems large enough to 
warrant the inference, that the interval marked by the former break 
was longer than that marked by the latter. But we may go further, 
and compare by means of fossil evidence the relation between breaks 
in the succession of organic remains and the depth of strata between 
them. 

Three series of fossiliferous strata. A, C, and H, may occur conform- 
ably above each other. By a comparison of the fossil contents of all 
parts of A, it may be ascertained that, while some species are peculiar to 
its lower, others to its higher portions, yet the majority extend throughout 
the group. If now it is found that, of the total number of species in 
the upper portion of A, only one -third passes up into 0, it may be 
inferred with some probability that the time represented by the break 
between A and 0 was really longer than that required for the accumu- 
lation of the whole of the gi’oup A. It might even be possible to dis- 
cover elsewhere a thick intermediate group B, filling up the gap between 
. A and C. In like manner, were it to be discovered that, while the whole 
of the group 0 is chamcteiised by a common suite of fossils, not one of 
the species and only one half of the genera pass u]) into H, the infer- 
ence could hardly be resisted that the gap between the two groups marks 
the passage of a far longer interval than was needed for the deposition of 
the whole of 0. And thus we reach the remarkable conclusion that, 
thick though the stratified ’formations of a country may be, in some 
cases they may not represent so long a total period of time as do the 
gaps in their succession, — in other words, that non-deposition has been 
in some areas more frequent and prolonged than deposition, or that the 
■ intervals of time which have been recorded by strata have sometimes not 
been so long as those which have not been so recorded. 

In all speculations of this nature, however, it is necessary to reason 
from as wide a basis of observation as possible, seeing that so much of 
the evidence is negative. Especially needful is it to bear in mind that 
the cessation of one or more species, at a certain line among the rocks of a 
particular district, may mean nothing more than that, owing to some local 
change in the conditions of life or of deposition, these species were com- 
pelled to migrate, or became locally extinct, at the time marked by that 
line. They may have continued to flourish abundantly in neighbouring 
districts for a long period afterward. Many . examples of this obvious 
truth might bo cited. Thus, in a great succession of mingled marine, 
brackish-water, and terrestrial strata, like that of the Carboniferous Limc- 

^ See arUey p. 842, and the classic essays of the late Sir A. 0. Ramsay there cited. 



858 


STEATIQBAPHIGAL GEOLOGY 


BOOK YI 


stone series of Scotland, corals, crinoids, and brachiopods abound in the 
limestones and accompanying shales, but grow fewer or disappear in the 
sandstones, ironstones, clays, and bituminous shales. An observer, meet- 
ing for the first time with an^instance of this disappearance, and remem- 
bering what he had read about “breaks in succession,” might be tempted 
to speculate about the extinction of these organisms, and their replace- 
ment by other and later foims of life, in the overlying strata. But 
farther research would show him that, high above the plant -bearing 
sandstones and coals, lie other limestones and shales charged with 
the same marine fossils as before, and followed by still further groups of 
sandstones, coals, and carbonaceous beds and yet higher marine limestones. 
He would thus learn that the same organisms, after being locally exter- 
minated, returned again and again to the same area when the conditions 
favourable for their migration reappeared and enabled them to reoccupy 
their former haunts. Such a lesson would probably teach him how largely 
the fauna entombed and preserved on any particular geological horizon 
has been influenced by the conditions of sedimentation, and that he should 
pause before too confidently asserting that the highest bed in which 
certain fossils can be detected, marks really their final appearance in the 
history of life. An interruption in the succession of fossils may be 
merely temporary or local, one set of organisms having been driven to 
a different part of the same region, .while another set occupied their place 
until the first was enabled to return. 

The remarkable limitation of certain species to a restricted vertical 
range in a continuous series of stratified deposits, as in the case of the 
Silurian graptolites and the Jurassic ammonites already cited, affords a 
valuable basis for stratigraphical arrangement and comparison. The 
succession of these species has been in some cases similar over such wide 
geographical areas that it is difficult to connect this organic sequence 
with any physical revolutions, of which indeed in a conformable series of 
sediments there may be little or no trace. As already suggested there 
may have been some biological law that governed these apparently 
rapid^ extinctions or replacements of organic forms, but which is not yet 
perceived or understood. 

8. The Geological Eecord is at the best but an imperfect chronicle of 
the geological history of the earth. It abounds in gaps, some of w^hich 
have been caused by the destruction of strata owing to metamorphism, 
denudation, or otherwise, some by original non - deposition, as above 
explained. ^ Nevertheless it is from this record that the progress of the 
earth is chiefly traced. It contains the registers of the births and deaths 
of tribes of plants and animals, which have from time to time lived on 
the earth. Probably only an extremely small proportion of the total 
number of species, which have appeared in past time, has been thus 
chronicled, yet, by collecting the broken fragments of the record, an out- 
line at least of the history of life upon the earth can be deciphered. 

It cannot be too frequently stated, nor too prominently kept in view, 
that, although gaps occur in the succession of organic remains as 
recorded in the rocks, there have been no such blank intervals in the 
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X^rogress of plant and animal life upon the globe. The march of life 
has iDeen unbroken, onward and upward. Geological history, therefore, 
if its records in the stratified formations were perfect, ought to show a 
blending and gradation of epoch with epoch, so that no sharp divisions 

* of its events could be made. But the record of the history has been 
constantly interrupted : now by upheaval, now by volcanic outbursts, 
now by depression, now by protracted and extensive denudation. 
These interruptions serve as natural divisions in the chronicle, and 
enable the geologist to arrange his history into periods. As the order 
of succession among stratified rocks was first made out in Europe, and 
as many of the gaps in that succession were found to be widespread over 
the European area, the divisions which experience established for that 
portion of the globe came to be regarded as typical, and the names 
adopted for them were applied to the rocks of other and far distant 
regions. This application has brought out the fact that some of the 
most marked geological breaks in Europe do not exist elsewhere, and, on 
the other hand, that some portions of the record are much more com- 
plete there than in other regions. Hence, while the general similarity 
of succession may remain, different subdivisions and nomenclature are 
required as we pass from continent to continent. 

It will thus be understood why considerable diversity of opinion has 
existed and still continues as to the terms to be applied to the strati- 
graphical series in the earth^s crust and as to the equivalence of the 
subdivisions of this series in different parts of the world. Efforts have 

• from time to time been made with more or less success to de\dse some 
commonly applicable and generally acceptable system of classification and 
nomenclature. Allowance must be made for the peculiarities and usages 
of different languages, a term not having always the same meaning in 
different countries. But it is certainly desirable that, as far as possible, 
not only stratigraphical but all other teims generally used in scientific 
writings should everywhere be employed in precisely the same sense, and 
that a unification of nomenclature should be adopted.’- 

^ The luternatiouiil Geolo^jical CougresK has, since 1881, laboured streimously to effect 
some reform in this matter, but only with partial success. The scheme adopted at the last 
meeting (Paris, 1900) comprised the following stratigraphical suhdi-visious. 1st Order: 
Bras of time, represented by Groups of strata, Palmozoic, Mesozoic, Oainozoic. 2ud Order : 
Periods of time, represented by Systems of strata, as in the four great Paleozoic systems. 
3rd Order : Epochs of time, represented by Series of strata, 4th Order : Ages of time, re- 
presented by Stages of strata. 6th Order ; Phases of time, represented by Zones of strata. 
Various modifications are likewise made in the customary terminations in order to conform 
with this scheme. Thus the divisions of the second order are all made to terminate in ir2iie. 
The familiar Cambrian, Silurian, and Devonian become Cambrique, Silurique, and Devonique, 
or Cambric, Siluric, Devonic, os they would be written in English. Tlie divisions of the fourth 
order are meant all to end in m (an in English), as Bartonian, Portlandian, &c. It is obvious, 
however, that differences of opinion must arise as to the division into which a particular section 
of strata should be olasse<l, whether, for instance, if should go into the third order or the 
second order. Whether such an artificial precision of terminology is desirable may be open to 
question, and it may be doubted whether the recommendations of any congress, international 
or other, will be powerftil enough to alter the established usages of a language. The chrono- 
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The smallest subdivisions of the Geological Eecord are laminae, a 
number of which may make a stratum, seam, or bed. As a rule a 
stratum is distinguishable by lithological rather than palaeontological 
features. Where one, or a limited munber of beds, is characterised by 
one or more distinctive fossils, it is termed a Zone or Horizon, and, 
as already mentioned, is often known by the name of a typical fossil, as 
the different zones in the Cretaceous system are by their special species of 
cephalopods, brachiopods, or echinids, those in the Lias by their ammonites, 
and those in the Silurian system by their graptolites.^ Two or more such 
zones, united by the occurrence in them of a number of the same char- 
acteristic species or genera, may be called Beds or an Assise, as in the 
“ Micraster beds or assise ” of the Cretaceous system, which include the 
zones of M. cortestudinarium and M, m-anguinum. Two or more sets of 
such connected beds or assises may be termed a Group or Stage {dtage). 
In some cases, where the number of assises in a stage is large, they are 
grouped into sub-stages {Aous-dtages) or sub-groups. Each sub-stage or 
sub-group will then consist of several assises, and the stage or group of 
several sub-stages or sub-groups. A number of gi’oups or stages constitute 
a Series, Section {AhtUeilung\ or Formation, and a number of series, 
sections, or formations may be united into a System.^ 

The nomenclature adopted for these subdivisions bears witness to 
the rapid growth of geology. It is a patchwork in which no uniform 
system or language has been adhered to, but where the influences by 
which the progress of the science has been moulded may be distinctly 
traced. Some of the earliest names are lithological, and remind us of * 
the fact that mineralogy and petrography preceded geology in the order 

logical tenns Em, Period, Ejpoch and Age have been habitually used by English -writers Jis 
almost equivalent, or at least interchangeable, -while the term Group has been so universally 
employed in our literature for a division subordinate in value to Series and System that the 
attempt to alter its significance -would introduce far more confusion than can possibly arise 
from its retention in the accustomed sense. 

The student who may wish to pursue this subject may consult the various Compt, read, 
Coagris, GioL Internat since 1881 ; and the following papers : Professors Meunier Ohalmas 
and De I^apparent, “Note sur la Nomenclature des Terrains S6dimentaires,*’ B, S, G, F, xxi. 
(1893), p. 438 ; “A Syniposium on the Classification and Nomenclature of Geologic Time- 
divisions,” by J. Le Conte, G. K. Gilbert, W. B. Clark, S. W. W.;* -lo-.. Wt. y Willis, C. R. 
Keyes and S. Calvin, Jouni, Ged. vi. (1898), pp. 333-365 T. 0. Chamberlin. “The Ulterior 
basis of Time-divisions and the Classification of Geologic History,’* op, cit, pp. 449-462 j 
H. S. Williams, “Tlie Classification of Stratified Rocks,” op, eit, p. 671 ; B, Willis, “In- 
dividuals of Sti*atigraphic Classification,” op, cit. ix. p. 657. 

^ Professor Gaiidiy estimates the total number of zones in the European geological series 
at 114. In this calculation the Jurassic system is allowed no fewer than 84 ; the Carboni- 
ferous and Permian together, 10; and the Cambrian and Sil-urian together, 20 (*Enchaine- 
men-ts du Monde Animal : Fossiles Primaires,* 1883). Professor Lapworth has recognised 
20 distinct graptolite zones in the Cambrian and Silurian systems {Ann, Mag, Eat, 
Mist, ser. 5, vols. iii, iv. v. vi. (1879-80), see especially the last part of his paper in vol. vi. 
p. 196 seq,). See also H. B. Woodward, “On Geological Zones,” Proc, Geol. Assoc, xii. 
(1892), p. 295 ; J. E. Marr, “Principles of Stratigraphical Geology,” 1899, p. 68 ; A. J. 
Jukes-Bro-wne, Geol, Mag, 1899, p. 216. 

® Compare Hebert, Ann, Sci, Giol. xi. (1881). 
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of l)irth — Chalk, Oolite, Greensand, Millstone Grit. Others are topo- 
gi’aphical, and bear witness to the localities where the formations were 
first observed, or are typically developed — Oxfordian, Portlandian, Kime- 
ridgian, Jurassic, Ehsetic, Permian, Neocomian. Others are taken from 
. local English provincial names, and remind us of the special debt we owe 
to William Smith, by whom so many of them were introduced into geologi- 
cal literature — Lias, Gault, Crag, Cornbrash. Others recognise an order 
of superposition as already established among formations — Old Red Sand- 
stone, New Red Sandstone; while still another class is founded upon 
numerical considerations — Dyas, Trias. By common consent it is admitted 
that names taken from the region where a formation or group of rocks is 
typically developed, are best adapted for general use. Cambrian, Silurian, 
Devonian, Peimian, Jurassic, are of this class, and have been adopted all 
over the globe. 

But, whatever be the name chosen to designate a particular group of 
strata, it soon comes to be used as a chronological or homotaxial term, 
apart altogether from the lithological character of the strata to which it 
is applied. Thus we speak of the Chalk or Cretaceous system, and 
embrace, under that term, formations which imiy contain no chalk ; 
and we may describe as Silurian, a series of strata utterly unlike in 
lithological characters to the formations in the typical Silurian country. 
In using these terms, w^e unconsciously adopt the idea of relative date. 
Hence such a word as Chalk, or Cretaceous, does not so much suggest to 
the geologist the group of strata so called, as the interval of geological 
.histoiy which these strata represent. Ho speaks of the Cretaceous, 
Jimassic, and Cambrian peidods, and of the Cretaceous fauna, the 
Jurassic flora, the Cambiian trilobites, as if these adjectives denoted 
simply epochs of geological time. 

The Geological Record is classified into five main divisions: (1) 
Pre-Cambrian, also called Archsean, Azoic (lifeless), Eozoic (dawn of 
life) or Pi'oterozoic (earliest life); (2) Paleozoic (ancient life) or 
Primary; (3) Mesozoic (middle life) or Secondary; (4) Cainozoic 
(recent life) or Tertuuy, and (5) Post-Tertiary or Quaternary. The 
Tertiary and Post-Tertiary are sometimes gi’ouped together as Neozoic 
(new life). These divisions are further ranged in systems, each system 
in series, sections, or formations, mdh formation in groups or stages, and 
each group in single zones or horizons.^ The accompanying generalised 
table exhibits the sequence of the chief sub-dinsions. 

Part I. Pre-Cambrian. 

§ i. General Characters. 

In the classification of the materials of the earth^s crust enunciated 
by Werner the term “ Transition rocks ” was applied to a large series of 
^ On the classification of the Geological Record see Professor Renovier, JSull, Soc. VmtfL 
xiiL p. 220 ; Arch, ;Sfc?‘. Ph/j/s. JYat, xii. (1884), p. 297 ; OompL mirf. Con(/r, Intemaf. 
1894, ‘pp. 523-696 ; F. Freeh, ojp, cU, 1897, Memoires, p. 27 ; Dr. W. T. Blaufortl, Oenh 
Maij, 1884. 
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Stratified formations, which, underlying the fossiliferous or what were 
then called “ Secondary ” deposits, and overlying the various crystalline 
masses which were regarded as the most ancient or “ Primary ” part of 
the earth’s surface, were believed to record an intermediate period of 
terrestrial histoxy, between the time when any such crystalline materials as * 
granite were laid down from a supposed universal ocean and the time when 
ordinary sediment accumulated and entombed the remains of the earliest 
animal life. Long after the theoretical considei'ations that led to its adop- 
tion had been proved to be fallacious, this term “ transition ” continued to 
maintain its ground as the designation of the most ancient stratified rocks 
underlying the Old Red Sandstone, and containing the earliest known 
organic remains. The reseai'ches of Murchison and Sedgwick eventually 
showed that these venerable foimations contained a well-mai'ked succes- 
sion of organic types, whereby, as in the case of the Secondaiy rocks, so 
admirably made out by William Smith, they could be grouped into 
separate systems and formations, and could be identified in all parts of 
the world. The terms Cambrian and Silurian (which will be explained 
in later pages) were proposed by these illustrious pioneers to denote 
the oldest known fossiliferous formations, and soon entii-ely supplanted 
the older names transition ” and “grauwacke.” The Cambrian system, 
as now generally understood, includes the lowest series of Primary, or as 
they are now called, Palaeozoic deposits (see postea^ p. 908).^ 

But it has been well established that, while in some regions the base 
of the Cambrian system is separated by a strong unconformability from all 
rocks of older date, in other tracts it can only be defined by an arbitraiy^ 
line, beneath which lie other still more ancient sedimentary formations. 
In these primeval deposits there are records of denudation and deposi- 
tion, of alternate sedimentation and terrestrial movements, of stupendous 
and prolonged volcanic activity, and of distinct though scanty proofs that 
plant and animal life had already appeared upon the face of the globe. 
So far as our knowledge yet goes, there are no means of ascertaining the 
synchronism or homotaxis of these formations in widely separated regions. 
Fossil evidence entirely fails here as a guide, and mere mineral characters 
are only reliable within compai’atively limited areas. All that can for the 
present be attempted is to determine the true order of sequence, tectonic 
relations, and general structure of the several distinct formations in each 

^ Besides the contributions to the general discussion of the origin and constitution of 
crystalline schists cited on p. 785, the following works bearing on pre-Cambrian rocks may 
here be mentioned: Zirkel, ‘ Petrographie/ vol. iii. pp. 141-426 ; Giimbel, ‘Geogn. Beschreib. 
Pichtelgebirge/ 1879 ; Rosenbusch, Jdlirb, 1889, ii, p. 81, MittJieU. Badisch. Geoh 
LccdesaiisL iv. i. (1899), TschermaEs 2£UthsiI, xi. (1890), p. 144, xii. (1891), p. 49 ; 
“Report of the Geological Survey on N.W. Highlands of Scotland,” Q. 7. G, S, xliv. 
(1888), p. 378 ; Michel-Levy, B. S, G. F, vii (1879) p. 867 ; Barrois, Am,. Soc. GH. 

viiL (1881), xv. (1888); W. E. Logan, ‘Geology of Canada’; papers by Petter- 
sen, Dahll, Tomebohm, and others, some of which are cited on p. 898 ; by Dawson, 
Lawson, and others in the Reports of the Geological Survey of Canada ; by Irving, Van 
Hise, Bayley, and others in the Annual Reports, Bulletins, and Monographs of the 
United States Geological Survey. Some of the more important of these contributions axe 
cited on later pages. 
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country where they occur, without in the meantime any serious attempt 
at correlation. 

It must further be observed that these oldest stratified rocks have 
very generally undergone more or less alteration during the numerous 
terrestrial disturbances of geological history. Lying as they do at 
the base of the stratified part of the earth’s crust, they have shared in all 
the movements by which, during the lapse of geological time, the over- 
lying fossiliferous rocks have been affected. Every intruded mass of 
igneous rock, every volcanic outburst, every agent of contact or of regional 
metamorphism had first to pass through them before it could reach the 
younger rocks above. Hence not only have they usually been dislocated 
and plicated, ])ut they have been abundantly invaded by intrusive materials 
of all ages, and their internal structure has frequently been subjected to 
,such mechanical stresses, with accompanying chemical and mineralogical 
readjustments of their component mateiials, that they have passed into 
the condition of schists. In this highly altered state they often can- 
not be distinguished from still more ancient schists, the true ongin of 
which is not certainly known. In some regions, indeed, where the older 
sedimentary formations have been greatly disturbed, a gradation may be 
traced, as we have seen, from unmistakable Palaeozoic or Mesozoic sediments 
with recognisable fossils into thoroughly crystalline and foliated schists. 
Sometimes this transition is doubtless due to an actual extensive meta- 
morphism of the sedimentary rocks, and in these instances there may be 
no means of separating the schists of which the sedimentary origin is 
ascertiiinablo from those where it is not. The whole may be Palseozoic 
‘or Mesozoic. In other cases, there seems reason to believe that the grada- 
tion is rather due to excessive plication, whereby far more ancient schists 
and Palieozoic or Mesozoic strata have been so compressed that they agree 
in direction of stnke, and have been so folded that portions of the one 
series have been enclosed within the other, considerable general meta- 
morphism having at the same time been superinduced upon the 
whole. 

Prom underneath these oldest undoubtedly sedimentary accumulations 
there rises to the surface a remarkable assemblage of thoroughly crystalline 
rocks, which range from amoi'phous masses such as granite, syenite, diorite, 
and gabbro, through many varieties of coarse and fine foliated rocks to 
the most silky schists and phyllites, and which further vary in chemical 
composition from thoroughly acid materials (gneisses, granites, &c.) to 
basic or even what are called “ ultrarbasic ” compounds (peridotites, 
talc-schists, serpentines). Though sometimes amorphous over considerable 
spaces, and then not to be distinguished from ordinary igneous eruptive 
masses, they for the most part present a more or less distinctly schistose 
or foliated structure, some of their most abundant and conspicuous 
members being gneisses, often so coarsely banded as to pass into granite. 
They are often termed the Crystalline Schists” (pp. 244, 785). 

Possessing characters which link them on the one hand, with strati- 
fied, on the other, with eruptive rocks, this great series presents a 
peculiar type of structure, with whiqh are connected some of the most 
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perplexing problems of geology.^ These rocks cover extensive area^ 
of the suiface of the continents, occuiTing usually wherever the oldest 
formations have been brought to Kght. But they everywhere pass under 
younger formations, so that their visible supei-ficies is probably but a 
very small part of their total extent. In the northern regions of Europe, 
and of North America, they spread over thousands of square miles, form- 
ing the tableland of Scandinavia and Finland, the Highlands of Scotland, 
various detached areas throughout Europe and a large part of Eastern 
Canada and Labrador. They commonly rise to the surface along the axes 
of gi*eat mountain-chains in all quarters of the globe. So persistent are 
they, that they probably everywhere underlie the stratified formations as 
a general foundation or platform. 

The ongin and geological age of the “ Crystalline Schists ” have given 
rise to much controversy. Some geologists believe these rocks to be 
portions of the early crust of the globe which consolidated from a molten 
condition (p. 870). Others have regarded them as original chemical 
deposits on the floor of a primeval ocean. Eepudiating the exaggerated 
■views of those who have sought by metamorphic (metasomatic) processes 
to derive the most utterly different rocks from each other (for example, 
limestone from gneiss and granite, gi'anite and gneiss from limestone, 
talc from granite, &c.), these Neptunist writers have insisted that the 
crystalline schists, in common with many pyroxenio and hornblendic rocks 
(diabases, gabbros, diorites, &c.), as well as masses in which serpentine, 
talc, chlorite, and epidote are prevailing minerals, have been deposited' 
“ for the most part as chemically-formed sediments or precipitates, and 
that the subsequent changes have been simply molecular, or at most con-’ 
fined in certain cases to reactions between the mingled elements of the 
sediments, with the elimination of water and carbonic acid.’’ To support 
this -vdew, it is necessary to suppose that the rocks in question were 
formed during a period of the earth’s history when the ocean had a con- 
siderably different relative proportion of mineral substances dissolved in 
its (then probably much warmer) waters ; they are consequently assigned 
to a very early geological period, anterior indeed to what are usually 
termed the Palseozoic ages. Jt becomes further needful to discredit the 
belief that any gneiss or schist can belong to one of the later stages 
of the geological record, except doubtfully and merely locally. The more 
thorough-going advocates of the pristine, “azoic,” or “eozoic,” date, of the 
so-called “ Metamorphic ” or crystalline schists, have not hesitated to take 
this step.- Some have gone so far as to assert that, by mere mineral 
characters, the crystalline rocks of contemporaneous periods can be 
identified all over the world. They assume that in the supposed chemical 
precipitation, the same general order has been followed everywhere over 
the floor of the ocean. Consequently a few hand- specimens of the 
crystalline lucks of a country are enough in their eyes to determine the 
geological position of these formations. Other geologists, recognising 

^ For a summary of opinions regarding these rocks, see Zirkel, ‘Lehrbuch,' vol. iii. pp. 
141-184. The origin of schists by inetamorphism has been discussed ante, p. 786. 

® See Sterry Hunt’s ‘Chemical Essays,’ p. 882 seq. 
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that the more crystalline members of the series of schists graduate into 
rocks that are much less crystalline, and even into what are recognisahly 
of sedimentary origin, likewise that they include and pass into masses 
that were certainly eruptive, have come to regard the schists as a meta- 
morphic series of sedimentary and igneous rocks owing their characteristic 
foliated structure to some subsequent action upon them.^ 

One of the chief causes of difficulty in discussing the history of these 
rocks has lain in the fact that the crystalline schists are, in the majority 
of cases, separated from all other geological formations by an abrupt 
hiatus.*^ Instead of passing into, they are commonly covered unconform- 
ably by these formations, before the deposition of which they had usually 
been enormously ’ denuded (see, for example, Fig. 369 ). Hence, not 
only is there generally a want of continuity between the schists and 
younger foimations, but the contrast between them, in regard to litho- 
logical characters and geotectonic structure, is often so exceedingly 
striking as naturally to suggest the idea that the schists must belong to a 
far earlier period than that of the oldest sedimentary formations of the 
ordinary type, and to a totally different order of physical conditions. 
Natural, however, as this conclusion may be, those who adopt it probably 
seldom realise to what an extent it rests upon mere assumption. Start- 
ing with the supposition tliat the crystalline schists are the result of 
geological operations that preceded the times when ordinary sedimenta- 
tion began, it assumes that they belong to one or more great early 
geological periods. Yet all that can logically be asserted as to the age of 
these rocks is that they must be older than the oldest formations which 
oVerlie them. If in one region of the globe they appear from under 
Cretaceous, in another below Carboniferous, in a third below Silurian 
strata, their chronology is not more accurately definable from this 
relation tliaii by saying they are respectively pre-Cretaceous, pre-Carboni- 
ferous, and pre-Silurian. They may all of course belong to the same 
period ; but where they occur in detached and distant areas, there is as 
yet no method whereby their synchronism can be proved. To assert it is 
an assumption which, though in many cases irresistible, ought not to be 
received with the confidence of an established truth in geology. 

No portion of the Geological Record has in recent years been more 
diligently studied than the Crystalline Schists, which, underlying the vast 
pile of fossihferous systems, contain the earliest surviving chronicles of 
the history of the earth. But the problems presented by these rocks are 
so many and so difficult that comparatively little progress has been made 

^ For further discussion pf the more probable theories on this subject, see p. 870. Juhes 
(‘Student's Manual of Geology,’ 8rd edit, (1872), p. 369), pointed out that igneous rocks 
have undergone metamorphism no less than the sedimentary formations among which they 
lie, and hja views have been confirmed by more recent work. See Lehmann's volume cited 
on p. 785 ; Allport, Q. J. C, S, xxxii. (1876), p. 425 ; G. H. WilUams, cited on p. 790. 
Abundant confirmation of Jukes’ prognostications has been obtained among the crystalliae 
schists of Ireland, which he had partially studied. 

® Many continental geologists, however, believe that the foliation of the schists is usually 
parallel to the stratification of the immediately overlying sedimentary formations. See, for 
instance, the summary given by M. Michel Ldvy, S. G, F. svi. 1888, p. 102. 
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in the endeavour to group them into formations or systems compai'able 
with those of the fossiliferous series, and to ascertain the stages of 
geological history of which they are the memorials. The obstacles to 
increase of knowledge on this subject arise from the complication and 
obscurity of the geotectonic relations of the rocks. \Ye have as yet no 
satisfactory cine to their chronological sequence. The assumption that the 
banding and foliation of the oldest gneiss represent oiiginal stratification 
has been generally abandoned as quite untenable. Hence all the early 
attempts to make out a stratigraphical succession among these rocks and 
to estimate their thickness are now recognised to be ^vithout foundation. 
Even where some sequence can be deteimined in portions of the gneisses^ 
as where one mass has clearly been injected into another, the rocks have 
undergone so many disturbances, and so many and serious alterations ot* 
their internal structure, that it is hardly ever possible to follow up the 
clue for more than a limited distance, and still less to base upon it any 
generalisation as to a generally applicable order of appearance. Nothing 
in the least degree analogous to the evidence of fossils among the 
sedimentary rocks is here available. Whether eventually a determinable 
sequence among the minerals of these ancient rocks may be ascertained 
remains still uncertain. If it could be shown that certain minerals, or 
groups of minerals, came into existence at particular stages in the forma- 
tion of the crystalline schists, a key might be found to some of the most 
difficult parts of this branch of geological inquiry. But though such a 
sequence has often been claimed to exist, no satisfactory proof has yet been 
adduced that it has been asserted on more than mere local observation. 
Certainly no general law of mineral sequence in geological times has 
hitherto been established.^ . 

Thus while it is often difficult or impossible to ascertain the original 
order of succession among the crystalline schists of a particular region, it 
is even more difficult to form a satisfactory judgment as to the strati- 
graphical relations of the schists of two detached regions. There is usually 
no common basis of comparison between them,, except similarity of mineral 
character and structure. But as it can be shown that even in a single 
area the crystalline schists may sometimes represent the results of many 
successive- operations continuing through a long series of geological 
periods, it is obvious that the task of correlating these rocks in distinct, 
and especially in widely separated areas must he beset with almost 
insuperable obstacles. 

Though in many countries a complete break occurs between the lowest 
gneisses and the overlying Palaeozoic sedimentaay formations, there are 

^ The late T. S. Hunt was one of the chief exponents of the view that the crystalline 
pre-Cambrian rocks were deposited as chemical sediments in a certain definite order, and that 
the rocks conld be recognised by their mineral characters, and be thereby grouped in their 
proper order all over the world. See, for example, his essays on “ The Taconic Question in 
Geology ” and on The Origin of the Crystalline Rocks ” in vols. i. and ii. of the Trans. Hoy, 
Soc. Canada, How completely this artificial system breaks do^vn when tested by an appeal 
to the rocks in the field has been well sho^vn by R. D. Irving, 7tJiA7in, Hq?. 0. K 
(1888), p. 383. 
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other regions in which these gneisses are intimately associated with schists, 
limestones, quartzites, and conglomerates. The real character of this 
association has been variously interpreted, but on any explanation, it shows 
that such gneisses cannot be older than certain crystalline masses which may 
Ijo regarded as prol)ably, if not certainly, of sedimentary origin. Hence, 
while the inference from one series of sections has been that the gneisses 
l)elong to an early condition of the cooling crust of the globe, from another 
series it has been in favour of these gneisses and their associated sediment- 
ary materials having been formed after the crust was solidified, and after 
meclianical atid chemical sediments had begun to be accumulated. 

Taking the widest ^'icw of the whole series of pre-Palaeozoic rocks, with 
their vast piles of various sedimentary formations above, and their complex 
senes of ciystalliue massive and schistose rocks below, we encounter a 
somewhat serious difficulty in the attempt to group the whole of this 
varit‘(l .M.ss(‘iMl)lag(‘ of minei*al masses under some common generally applic^ 
a])lo stratigra[)}ncal name. Such a name has usually been held to imply 
that the rocks which it designates belong to one well-defined portion of the 
Geological Record. Jhit this implication is one which every geologist 
who has worked among these ancient rocks would earnestly deprecate, for 
ho has in some measure I’calisod how vast, varied, and long-continued were 
the gtiologieal changes of which they are the momoiials. Those mutations 
Include tuany transformations of the earth’s surface, many disturbances of 
its ci’usl*, with emjrmous donuchitiou and sedimentation, comparable with, if 
not gn^atpv than, those which in later ages were repeated again and again, 
even afUu* the oUhu* fossiliferous formations were laid^ down. So similar 
have b(^en the results that it is now difficult, or impossible, to discriminate 
between the nior.o n-ncient and the more recent operations. To class all 
the ciystalline schists and the great piles of sedimentaiy and igneous 
maUU’ials into which they seem to puss, by one general name, after the type 
of “Gambrian,” “Silurian,” or “Devonian,” maybe convenient, but in 
Ihc piHiSont state of otir knowledge is apt to lead to confusion, by placing 
together masses wliich may bo of widely different geological ages and of 
wholly dissimilar origin. Various terms havebeen proposed for this complex 
assemblage o£ rocks, such as Primitive, Protei'ozoic, Azoic, Agnotozoic or 
Archuxin. But from the data adduced in Book IV. Part YIII. regarding 
regional mcUiTuori>hi»iii, the student will understand how full of uncer- 
tiiinty must bo the ge»»logit‘:il age of many areas of crystalline schists. 
Mc!*o lithological characters afford no perfectly reliable test of relative 
4inti<puty. To prove that any region of crystalline schists may be 
^‘Primitive,” “A/^oic,” or “Archicjui” we must fii-st find these rocks 
overlain by the oldest fossiliforous formations. Where no evidence 
of this kind is available, the use of precise terms, which are meant to 
denote a iMirtimilar geological oni, is undesirable. There seems good 
reason to h(*.licv(‘ that the Jiisserted “Ai'chtcfin” age of many tracts of 
sclustose and granitoid rocks rests on no better basis than mere supposi- 
tioTi, and that as the study of regional metamorphism is extended, the 
■so-called “ Archasan ” areas will be proportionately contracted.^ 

‘ J)r. BarmiH tliuH c.\preHaes himself on this subject : “ A great nuinhor of the rocks con- 
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Several distinct systems of mineral masses can be shown in some regions 
to exist beneath the base of the Palaeozoic formations, differing so greatly in 
petrological characters, in tectonic relations, and probably also in mode of 
formation, that they cannot, ^vithout a very unnatural union, bo arranged 
in one definite stratigraphical series. For the present it seems to me 
least objectionable to adopt some vague general term which nevertheless 
expresses the only homotaxial relation about which there ctin be no doubt. 
For this purpose the designation “ pre-Cambrian,” already in use, seems 
suitable. The rocks which I would embrace under this epithet may 
include a number of separate systems or formations which have little or 
nothing in common, save the fact that they are all older than the base of 
the Cambrian rocks. Until our knowledge of these ancient masses is 
much more extensive and precise than it is at presetit I think it would 
be of advantage to avoid the adoption of any general terminology which 
would involve assxunptions as to their definite place and sequence in the 
geological record, their mode of origin, their relation to the history of 
plant and animal life, or their identification in different countries. 

As an illustration of the danger of such assumptions, I may refer to 
the history of the investigation of the Laurentian rocks of Canada. From 
the early observations of Sir W. Logan and Mr. Alexander Murray these 
rocks came to be regarded as types of the oldest gneisses of the globe. 
They were looked upon as probably metamorphosed marine sediments 
that had formed the solid platform on which the whole series of fossil- 
iferous systems of North America had been deposited. The name Lau- 
rentian applied to them was transferred to similar rock-masses in other 
parts of the globe, and came to be accej^ted as the designation of the oldest 
knowm zone in the crust of the earth. But eventually it was discovered 
by Mr. Lawson that some part, at least, of the Laurentian gneiss is essen- 
tially of igneous not of sedimentary origin, and is actually intrusive into- 
what are undoubtedly sedimentary strata. It could not, therefore, itself 
as a whole be the oldest rook; and all the generalisations and identifications* 
foimded on its supposed position fell to the ground. The term Laurentian 
cannot henceforth have more than a local significance. It serves to designate 
certain ancient crystalb'ne rocks of Canada, but a geologist would not 
now employ it to denote any of the rocks of another region, even though 
they might present similar general lithological characters. We must in 
the meanwhile be content to restrict the application of such luimos to the 
regions in which they originated. There 'will be much less impediment 
to the progress of investigation by the multiplication of local names than 

siderecl to he Arcliteau in Brittany are only metamorphosed Cambrian or Biliirian rot^ks, 
having merely the facies of primitive rocks. We do not think tliat Brittany can be the only 
region where this is the case ; on the oontrar^j”, it seenie to us probable that the I^ala'ozowi 
formations are destined to spread more and more over geological maps, at the e.\peiise of 
the ‘primitive formations,' by assuming gneiasic and schistose modifications" 

' GSol Ximl xi. (1884), p. 139 ; ante, p. 781). Reusoh's distjovery of fossils in the mica- 
schists of Southern Norway proved some of the supposed “ Arcluean ” rocks to be of Upper 
Siluriau age {postea, pp. 899, 925, 970). Lower Silurian ciinoids have been found in the 
supposed Archcean tract of Virginia (N. H. Darton, Ann, Jmrn. xliv. (1892), p. 50). 
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basis. Each country will have its own terminology for pre-Cambrian 
formations, until some way is discovered of correlating these formations 
in different parts of the globe. 

• Although where the stratigraphical succession is most complete the 
gneisses that rise from under the oldest sedimentary rocks have been 
found to pierce these rocks, and thus to be of later date ; yet in most 
regions no such proof of posteriority is to be seen. The coarse banded 
gneisses are usually the foundations on which the stratified fossiliferous 
formations unconformably rest. There is thus an obvious advantage in 
treating these gneisses first in an account of pre-Cambrian rocks. I shall 
here follow this arrangement, and reserve for a later section a description 
of the sedimentary and igneous formations which intervene between the 
gneisses and the base of the Cambrian system. 

1 . TJie lowest gnemes and schists. 

It has often been noticed that the oldest known crystalline rocks 
present a remarkable sameness of general mineral characters in all parts 
of the earth. So«IimentfU7 formations constjintly vary from country to 
country, but when we descend beneath their lowest members we come 
upon a wholly diftbrent group of rocks, which, like those of undoubtedly 
igneous origin, retain one general type of stracture and composition. 
These rocks include massive materials such as gi'anite, syenite, gabbro, 
diorito, and hornblende-rock. But even in those a tendency to a schistose 
aiTangement Ciin usually be observed. By far the most generally prevalent 
structure is a more or less definite foliation. The coarser varieties are 
marked by alternate l)an(ls of distinct mineral characters, orthoclase, 
plagioclaso (commonly an acid variety), quartz, hornblende, and mica 
, (white and black) being nnivcu-sally conspicuous. Such rudely foliated and 
coarsely-banded gneisses offer gi'adations into masses which cannot be 
distinguished from ordinary eruptive material. The banding is some- 
times strongly marked l)y the separation of the more silicated from the 
less silicated minerals, as whore layers of felspar or of quartz alternate 
with others of hornblende, pyroxene, or biotite. 

While the foliation and the arrangement of the minerals in parallel 
bands give a bedded aspect to these rocks, the resemblance of this structure 
to the tine bedding of detrital materials is more apparent than re*al. A 
little examimition shows that the layers are not persistent, that they 
cross ejicli other, and that portions of one may be entirely separated and 
enclosed within another. Even where there has been an original banding 
of the material, the rock has usually undergone onoimous mechanical com- 
pression and deformation. It has been plicjited, rolled out, dislocated, 
and crumpled again and again. Hence, though for short distances it is 
possilfie to separate out layers or bosses of felspatliic, hornblfiiidic, 
p3rroxcnic, peridotitio, or serpontinous composition from the general body 
of gneiss, the geologist who tries to fix definite stratigraphical horizons 
by this means soon abandons the attempt in despair, and conies to the 



8V0 


STEATIGBAPHIGAL GEOLOGY 


BOOK VI 


concliision that no sequence of a trustworthy nature can be established 
in the body of the gneiss itself. 

Erom the coarsest gneisses gradations may be traced to fine silky schists ; 
and this not only on a large scale in tracts capable of being delineated on 
a map, but on so small a scale as to be illustrated even in hand-specimens. 
Such transitions seem to arise from the different effects of mechanical de- 
formation on materials that offered considerable differences in lithological 
composition and structure. Fine talcose schists, for example, can bo traced 
to original peridotites ; hornblendic and actinolitic schists to such roc.ks 
as gabbro, diorite, or dolerite, and coarse granitoid gneisses to granite, 
syenite, and similar eruptive masses (pp. 428, 787). 

In the older accounts of these rocks the gneisses are described as pass- 
ing into or alternating with a wholly different type of rocks, among which 
may be included limestone (sometimes strongly graphitic), dolomite, 
quartzite, graphite -schist, mica- schist, and other varieties of schistose 
material. This apparent gradation was believed to mark an original 
transition of the sediment out of which the gneiss was thought to have 
been formed into the calcareous, argillaceous, or carbonaceous sediment, 
which was the earliest condition of the associated limestones and schists. 
It was thus looked upon as evidence that the w^hole crystalline series 
represented, in a metamorphosed state, an ancient accumulation of sedi- 
mentary materials. The existence even of organic remains in the lime- 
stone was insisted upon, and the so-called Eosoon was cited as the most 
ancient relic of animal life.^ But there is now every reason to believe 
such gi'adations to be generally deceptive. As a result of the enormous 
mechanical compression and deformation which these ancient rocks have 
undergone, igneous and aqueous materials have been so plicated and crushed 
together, and have undergone such profound metamorphism, that it is 
sometimes hardly possible to trace 'a boundary between them. At the 
same time there seems no reason to look upon the limestones, ai'gillites, . 
quartzites, and schists as other than intensely altered sediments, whicli 
in theory, if not in actual practice on the ground, must be separated 
from the gneisses. 

Allusion has already (p. 864) been made to various theories of the 
genesis of the lowest gneisses and schists. Of these theories only three 
deserve further notice here. (1) That these rocks arc a portion of the 
original crust which solidified on the sui’face of the globe. (2) That they 
are ancient sedimentary rocks in a metamorphosed condition, and in some 
parts so changed as to have been actually molted and converted into 
intrusive material. (3) That they are essentially eruptive rocks, com- 
parable with the deeper seated or plutonic portions of such igneous rocks 
as may be seen to traverse the earth's crust, but sometimes associated with 
metamorphosed sedimentary strata into which they have been iiitnided. 

(1) From the ubiquity of their appearance,, the persistence of their 
striking lithological characters, and especially the apparent blending in 
them of the igneous and sedimentary types of stmcture, the idea not 
unnaturally arose that the lowest crystalline rocks represent the first 
^ See on this sxibiect i>. 8/8, and authorities there cited. 
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crust that foinied on the earth.^ These rocks have been supposed to 
include some of the early surfaces of consolidation of the molten globe, 
and some of the first sodiments that were thrown down from the hot 
ocean which eventually condensed from the atmosphere. Such a specula- 
tive view of their origin may seem not incredible in regions where these 
ancient crystalline rocks are covered unconfoimably by the oldest 
Paheozoic fornmtions, from which they are marked off by so striking a 
contrast of structure and composition, and to which they have contributed 
so vast an amount of detrital material. But it must be tested by the 
evidence of the rocks themselves, not only where the geological record is 
confessedly incomplete, but where it is comparatively full. Nowhere 
among the lowest gneisses is any structure observalde which can be com- 
pared with the superficial poition of a lava that cooled at the surface, 
Nor have rocks been discovered among them that can be regarded as 
of the nature of volcanic tuffs and breccias. On the contrary, the analogies 
they furnish are with deep-seated and slowly-cooled sills and bosses. 
The supposed intercalation and alternation of limestone and other pre- 
sumably sedimentary materials in the old gneisses are probably all 
deceptive. In some regions they can be shown to be so, and it can there 
bo demonstrated that the gtieisses are really eruptive rocks which pierce 
the adjacent sedimentary or schistose masses, and are thus of younger 
age than these. If this relation can be clearly established in regions 
where the evidence is fullest, it is obrfously safe to infer that a similar 
relation might be discoverable if the geological record were more com- 
-plete, even in those parts of the world where the break l)etween the 
lowest gneisses and the Paheozoic formations seems to be most pronounced. 
At least the possibility that such may be the case should put us on our 
gmird against adopting any crude speculation al)out the original crust of 
the earth. 

The present condition of these ancient rocks differs much from that 
which they originally possessed. In particular they have undergone 
enormous mechanical deformation, have been to a large extent crushed 
and r’eerystallized, and have acquired a marked schistose structure. But 
in every large region where they are developed we may obtain evidence 
to connect them with plutonie intrusions, not with superficial consolidation, 
and to show that many of their essential dettiils of structure may he 
paralleled among much later crystalline schists produced from the meta- 
uiorphism of Pateozoic sediments and igneous rocks. 

That the lowest gneisses of Canada and other regions are meta- 
morphosed sedimentiiry rocks was generally believed Tintil not many years 
ago, on the gi'ounds above stated (]). 864). But the increased attention 
which has been given to the study of the subject since Professor Lehmann’s 
great work on tlio Saxon gneisses appeared in 1884, has led to so complete 
a revolution of opinion that this belief, at least as formulated by Sterry 
Hunt, is now generally abandoned. Those who still hold it in a modified 

^ See Oixidner'H ** Elomente,’" 9th edit., j). 369. Die Fuiidaiiieiit(ilfoniiation ; Erstnr- 
rmigskruste. Oonumre also Roaeubusch, Jahrb, 1889, ii. p. 81. J. Louioa, Oeo/, ^farf, 
1897, p. 537. 
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shape recognise that the original sediments must have differed considerably 
from those of any unquestionably sedimentary formation, and were probably 
deposited under peculiar conditions. They admit that these rocks have 
undergone extreme metamoi'phism, and that the alteration of them has been 
earned so far as to reduce them in some places to an amorphous crystal- 
line condition which cannot be distingiushed from that of normal enipti^'e 
material. It has been maintained, indeed, that the Laurentiau gneisses 
of Canada have been produced by the actual fusion of the older sedi- 
mentary pre-Cambrian formations and the absorption of those rocks into 
the general magma of eniptive mateiial which now appears as gneiss.’ 
The intrusive character of some of the gneiss, which might bo I’ogarded 
as proof of its really igneous origin, is accounted for by what is called 
an “ aquo-igneous fusion ” of some parts of the sedimentary rocks, and 
their intrusion into less completely metamorphosed portions of the series. 

(3) Probably the great majority of geologists now adopt in some fornr 
the third opinion, that the oldest or so-called “ Archaean ” gneisses are essen- 
tially eruptive rocks, and that they should be compared wdth the larger 
and more deeply-seated bosses of intrusive material now visible on the 
earth’s surface. Whether they were portions of an original molten magma 
protruded from beneath the crust, or were produced by a refusion of already 
solidified parts of that crust or of ancient sedimentary accumulations laid 
down upon it, must be matter of speculation. In the gathering of actual 
fact we cannot go beyond their character as eruptive rocks, which is the 
earliest condition to which they can be traced, and we must conso(piently 
place them in the same great series as all the later eruptive mat( trials 
with which geology has to deal. It is quite true that tlicj?' ha\'o iKion 
profoundly modified since their original extrusion, l)ut traces of their 
original character as masses of mobile, slowly crystallizing and sc.gi’egat- 
ing material have not been entirely eflaccd. 

Looking at the gneisses as a whole, with their various accompaninKMils, 
we find them to form a complex assemblage of crystalline rocks which, 
though generally presenting a foliated .structure, pass occasionally into tlui 
amorphous condition of ordinary eruptive rocks. In composition tluy 
range from granite at the one end to peridotitos and serpentines at tluj 
other. Hand-specimens of these rocks in their amorphous or unfoliatod 
condition do not differ in any essential feature from the material of 
ordinary intnisive bosses in later portions of the terrestrial ci’ust, and 
the same similarity of stiucture is borne out when thin sliecss are placed 
under the microscope. 

The most convincing proofs of the really eruptive nature of the 
gneisses are to l>e found in those tracts where they have undiu’gono 
least disturbance, and where therefore the way in which they trav(U*HO 
the adjacent roclcs can bo distinctly perceived. They are there sceti to 
cross many successive zones of sedimentiiry matenal, to send out V(mis 
and protrusions, and to enclose portions of the adjacent rocks, whilo 
at the same time the suiTOunding masses present many of the familiar 
feiitures of contiict-metamoiphism. Sections where those phenonnuui 
^ A. C. Lawson, Annml Bejstn'f (JanmUan OcoL ^urv, 1887. 
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can be satisfactorily observed are no doubt comparatively rare, for in 
general the rocks have been so crushed and recrystallized that their 
original relations have been destroyed. It is in consequence of these 
subsequent movements thfit so much difficulty has been foimd in de- 
termining the igneous nature of the gneisses and their intrusive character 
with reference to the rocks adjacent to them. The abundant veins which, 
as in ordinary granite bosses, proceeded from the original gneiss have 
been compressed into long parallel bands which seem to alternate Avith 
the schists among which they were injected, while portions of the sur- 
rounding rock enclosed within the gneiss have had a foliation super- 
induced upon them parallel to that of these bands. Any one who first 
studied the older rocks where such structures are visible might easily be 
deceived into the belief that these alternations of parallel strips of gneiss 
and scliist, or gneiss and limestone, really represent a continuous sequence 
of sedimentary mateiial. Nor would ho readily perceive his mistake until 
he could trace the junction-line into some tract where, by cessation of the 
deformation, the original relation of the two groups of rocks could be 
observed.’^ 

It is not difficult to obtain conclusive proof that in the complex assem- 
]>lago of rocks constituting the lowest gneiss there are not only difterences 
of composition and structure, but also dilferences of relative age. Some 
portions of the series can be distinctly seen to have been intruded, into 
others. True dykes can be traced among them, both of acid and basic 
composition. In the north-west of Scotland, for examj^le, the general 
body of gneiss is traversed by a multiplicity of dykes, cutting across the 
oldest foliation of the gneiss in a general north-westerly direction (Fig. 364). 
'A detailed sttidy of such an area reveals the fact that the fundamental 
rocks represent a prolonged scries of igneous protrusions. As this com- 
])licated mass of eruptive material has subsequently \indergoiie profound 
alteration by dynaino-inetamorphism, the difficulties in unravelling its 
history need cause no surprise. 

Leaving out of account the dykes which undonl)tcdly mark later 
injections of igneous material, and confining our attention to tlie genei-al 
mass of gneiss in its variations from an amorphous or granitoid condition 
through the coarse handed varieties to the finer schistose typos, we may 
pursue the liistoiy of those puzzling rocks by comparing them with the 
larger intrusive bosses and sills that liavo accompanied the volcanic 
eruptions of all geological periods. In deep-seated and slowly cooled 
masses of igneous material, as has already been pointed out (pp. 232, 711). 
wo may fro(iuontly observe evidence of the segregation of the component 
miiKjrals in l)ands or irregular patches. Such a segregation seems to have 
taken placci sometimes after the erupted rock had come to rest, sometimes 
while it was stall in movement. In the latter case the layers of sepamted 
materials ha\x been dragged forward, so as not only to acquire a banded 
or streaky structure, but, as in the Tertiary banded gabbro of Skye, a 
crumpled atul plicated arrangomont, strongly resembling that of some 
ancient gneisses. How far the characteristic arrangements of the 
^ See A. 0, Lawaon, lUilf, Amei\ i. (1890), 184. 
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minerals in the coarse -handed gneisses may have arisen from a process 
of this kind in the consolidation of originally eruptive materials, remains 
still an open question, though the progress of research favours the idea 
that such has really been to a large extent their source.^ 

It is certain, however, that, besides this original banded structurej 
the gneisses, as the result of much mechanical defoimation, have had other 
and later structures superinduced upon them, sometimes at successive 
periods of disturbance. The most massive granitoid rocks have thus 
been crushed down under great strain, and have recrysfcillized as fine 
granulitic gneiss or mica-schist. Epidiorites and amphibolites have by 
a similar process been converted into hornblende-schists. In those cases 
the reconstructed rocks usually exhibit a finely schistose stnicture (juite 
distinct from that of the parent mass, but with no markedly banded 
arrangement. Occasionally, however, in the rccrystallization of tlu% 
materials, segregation into more or less definite layers or centres has comii 
into play, so that in this obviously secondary arrangement a certain re- 
semblance may be traced, though on a small scale, to the much coarser 
bands in the earliest remaining condition of the oldest gneisses. 

There is yet another source of difficulty in judging of the relative 
age and origin of various structures among the crysttilline schists. We 
have seen (p. 728 ) that granite, besides bi'caking through the old rocks 
and .forming huge bosses as well as abundant veins among them, Inis 
sometimes been introduced into their substance in such a way that they 
seem to be permeated by the granitic material, which, in minute layers and 
lenticles, quite uncrushed, may be traced between the foliation plaiics <if 
granulitic gneisses and different schists. Whore subsequent movenic!it 
has crushed and drawn out such intercalated layers, younger gneiss is 
produced that simulates with extraox’dinary closeness some aspects of 
the most ancient and, so to say, original gneisses.*-^ This transformation 
appears to take place even among schists that can bo shown to have been 
originally sedimentary rocks. So that by a new pathway of in<[uiry we 
are brought once more to the old doctine of the cycle of change thi‘OUgli 
which the materials of the earth's crust pass. The most ancient gneisses 
exposed to disintegration on the earth's suxiace have furnished matei’ialK 
for the formation of sedimentary deposits, which, after having been 
deeply buried mthin the earth's crust, ciixshed, plicated, and permeated 
with granitic material, present once more the aspect of the old gneisses 
from which they were in the first instance derived. 

^ TMs inference api^lies more particularly to the coarwely handed gneisses where 
individual layers, consisting in great part of different minerals, resemble some of the segre- 
gation bands in eruptive masses (p. 256). There can he little doubt that, em alrwwly re- 
marked, the efficacy of mechanical defonnation as a factor in the production of gneisses has 
been pushed too far. It will account for the crushed granulitic and schistose condition, hut. 
hardly for the coarsely handed structure, where the layers consist of very diflereut mineral 
aggregates. I have discussed this subject hi the paper upon the handed structure of old 
gneisses and Tertiary gahhros cited on p. 256, and in the joint paper with Mr. Teall, referred 
to on the same page. 

3 See Mr. Home’s oljser\^ations in Qmlofjical Sumy Report for 1892, and his joint 
paper with Mr. Greenly, cited ante, i'». 729. 
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It is only when the complex tectonic relations of the several masses 
composing the oldest crystalline rocks are closely studied that we can 
adequatel}^ realise how hopeless would be the attempt to establish any- 
thing of the nature of a stratigi'aphical sequence among them. Where 
' different eruptive materials present proofs of successive intrusion, we have 
indeed a clue to their I'elative age ; but such evidence carries us but a 
small way. The gneisses where obviously intrusive are indisputably of 
eruptive origin, but they alternate with finely schistose bands which some- 
times seem to cut them. The bedding or banding of the rocks affords no 
guide whatever as to sequence. It has been so folded and crumpled that 
even if it represented original stratification it could probably never be 
unravelled. But there is every reason to believe that it bears no real 
analogy to stratificixtion. It may sometimes represent, as already stated, 
layers of segregation and flow-structure in an original igneous magma, at 
other times planes of movement in the crushing of already consolidated 
matoiial. But whatever may have been its origin, it remains now in an in- 
extricable complexity. Here and there, indeed, for short distances some 
well-marked band of rock may be traced, but the various rock-masses 
generally succeed each other iii so rapid and tumultuous a manner as to 
defy the efforts of the field-geologist who would patiently map them. 

As a rule, only where the earliest type of gneiss has been invaded 
by sulisequontly intruded masses can a successful attempt be made to dis- 
entiingle the confused structure. Successive systems of dykes may thus 
1)0 traced, and evidence may be obtained that powerful dynamic stresses 
-affected the rocks between some of these intrusions. The dykes have 
sometimes been crushed, plicated, and disrupted until they have been 
reduced to isolated patches of schist irregularly distributed among the 
roconstructured gneiss. And through these involved and complicated 
masses newer groups of dykes have risen, to bo again subjected to 
mechanical deformation (pp. 882-890). 

The question may occur to the student whether this complex system 
of evidently plutonic igneous rocks was ever connected with any super- 
ficial volcanic activity. No such connection has yet been definitely 
ascerUiiiicd, but it may bo regarded as highly probable. If the most 
ancient gneisses with their dykes and bosses were the deep seated portions 
of the successive uprisings of the igneous magma which cxilminated in 
volcanic cruiitions, we may hope eventually to discover some trace of 
the materials that were thrown out to the surface and accumulated there: 
In some of the overlying pre-Cambrian masses of sedimentary rocks 
abundant lavas, tuffs, and agglomerates have been found, indicating the 
outpouring of volcanic material at the surface during the deposition of 
these sediments (p. 891). The vast scale of some of these volcanic 
eruptions may he inferred from the fact that in the Lake Superior region 
the accumulated materials discharged at the surface attained a thickness 
which has been estimated at more than six and a half miles. It may be 
eventually discovered that some of these superficial manifestations of 
volcanic action have been connected with bosses, sills, or dykes that form 
part of the body of the gneiss below. 
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It must be confessed that much detailed work among the lower gneisses 
ill all parts of the world is needed before the many problems which they 
present are solved. But the following conclusions regarding them may 
now be regarded as established : these rocks are in the main various forms 
of original eruptive material, ranging from highly acid to highly basic ; they • 
form in general a complex mass belonging to successive periods of ex- 
trusion ; some of their coarser structures are probably due to a process of 
segi’egation in still fluid or mobile, probably molten, material consolidating 
below the surface ; their granulitized and schistose characters, and their 
folded and crumpled structures point to sul)sequout intense crushing and 
deformation ; their apparent alternations with limestone and other rocks 
which are probably of sedimentary origin, are deceptive, indicating no 
real continuity of fomation, but pointing to the intrusive nature of the 
gneiss. 

2. Fre-Camlrian sedimentwrij and volcanic gronpB, 

In different parts of the world enormous masses of rocks arc now 
known to intervene between the oldest or “ Archaean gneisses, and the 
bottom of the fossiliferous series of formations. It was in Canada that 
these rocks were first studied. Logan and Murray grouped them under 
the general name of Huronian, and they were believed to fill up the gap 
between the Laurentian gneiss on the one hand and the Potsdam sand- 
stone or base of the fossiliferous series on the other. Later more detailed 
study of these rocks in Canada and the adjoining regions of the ITniUjd 
States has shown them to possess even a greater importance than theii; 
original discoverers imagined, for they have been found to consist of 
several distinct groups or systems, attaining a vast thickness and pi'osont- 
ing a record of stupendous disturbances, denudations and depoHitions 
of sediment, together with memorials of extensive and prolongtid volcanic 
action. In the higher members of these sedimentary deposits, distinct 
remains of animal life have in several regions been found. There is thus 
opened out the possibility of the ultimate discovery of a series of fossil- 
iferous formations even below the base of the rala30zoic systems. 

Where metamorphism has not interfered with the rccognilion of their 
original characters, these ancient sedimentary rocks present no st-ruet.ural 
feature to distinguish them from the dotrittil accmnulations of In'glier parts 
of the geological record. They consist of clays and muds liard(‘.ne.(l int.o 
shales and slates, of sand compacted into sandstones and <|uartzites, of 
gravels and shingles solidified into conglomerates. Those rocks ])rovo 
beyond question that the processes of denudation and deposition werti 
already in full operation with results exactly comparables to those of 
Palseozoic and later time. 

Few parts of the stratified crust of the ejxrth i)rosent gr*(^ater intotvst. 
than these earliest remaining sediments. As the geologist lingers among 
them, fascinated by their antiquity and by the stul)bornnoss with which 
they have shrouded their secrets from his anxious scrutiny, he < 5 an some- 
times scarcely believe that they belong to so remote a ])art of the earth s 
history as they can be assuredly proved to do. The shales are often not 
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more venerable in appearance than those of Cambrian or Silurian time, and 
show as clearly as these do their alternations of finer and coarser sediment. 
The sandstones display their false-bedding as distinctly as any younger 
rock, and one can make out the shifting character of the currents and 
.the prevalent direction from which they brought the sand. The con- 
glomerates in their well-rounded fragments point as distinctly as the 
shingle of a modern beach to the waste of a land-surface and the pound- 
ing action of waves along the shore. 

Not only are these structural details precisely similar to those of 
younger detrital rocks, but we may here and there detect the remains of 
the pre-Cambrian topography from which the primeval sediments were 
deiived, and on which they were deposited. Hills and valleys, lines of 
clift‘ and crag, rocky slopes and undulating hollows have been revealed 
by the slow denudation of the pre-Cambriaii strata under which these 
features were gradually buried. To this day so marvellously has this early 
land-surface been preserved under its mantle of sediment during the long 
course of geological time, that even yet we may trace its successive shore- 
lines as it gradually settled down beneath the waters in which its detritus 
gathered. We may follow its promontoiies and bays and mark how one 
by one tlmy were finally submerged and entombed beneath their own 
waste.’- 

But these ancient stmtified formations do not consist merely of 
clastic sediments. They include important masses of limestone and 
dolomite, sometimes highly crystalline, but elsewhere assuming much of 
^tho aspect of ordinary grey compact Palaeozoic limestone. Sometimes 
they contain a considerable amount of graphite, and some of the shales 
are highly carl)onaceous. In other places they are banded with layers 
and seams or nodules of chert, in a manner closely similar to that in which 
the Carboniferous Limestone of Western Europe contains its siliceous 
matonal. Sometimes the chert bands are as much as foi'ty-five feet thick. 
The general character of these mingled carbonaceous, calcai'eous and 
siliceous masses at once reminds the observer of rocks which have 
undoubtedly been formed by the agency of organic life. Moreover there 
occur extensive deposits of iron-carbonate associated like the limestone 
with chert, and again recalling the results of the co-operation of plant 
and animal life. The large amount of carbon in some of the shales, 
points likewise in the same direction. 

It must bo confessed, however, that actual remains of recognisable 
organic forms have only been found in a few places below the Olenellus* 
zone or base of the Cambrian system, chiefly in North America. Traces 
more or less determinable of sponges, corals, echinodems, brachiopods, 
gasteropods and mevostomatous Crustacea, with especially various foi*ms of 
the family Ilyolithidte, indicate a low. fauna somewhat like that of the 
Cambrian system abovo.^ Dr. BaiTois has followed a band of graphitic 

^ Tlieso features are admirably displayed in Eoss-sbire, N.W. Scotland, where the 
Lewiftiau gneiss, carved into hills and valleys, has boon buried nnder the Torridon Sandstone, 
and has escai)ed destruction by the great displacements of the region (p. 890). 

2 G. F. Matthew, Bull, JEat UieL Soc, Kew Brunswick, \z. (1890), pp. 36, 4.2, C. D. 
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quartzite for a long way in the gneiss of Brittany, and has detected in it 
the presence of what may lie radiolaria, helonging to their most primi- 
tive group, the ]\Ionosph8end8e.^ 

Eeference may be made here to the controversy regarding the tme 
nature of certain cuiious aggregates of calcite and sci-poutiiie, which wore, 
found many years ago in some of the limestones associated with the lower 
or Laurentiau gneisses of Canada. These minerals wore found to be 
arranged in alternate layers, the calcite forming the main framework of 
the substance, with the serpentine (sometimes loganite, pyroxene, i^’C.) 
disposed in thin, wavy, inconstant layers, as if filling up flattened cavities 
in the calcareous mass. So different from any ordinary mineiul segroga- 
.tion with which he was acquainted did this nvr^lngom(^nt appear to Logan, 
that he was led to regard the substance as probably of organic origin.‘'^ 
This opinion was adopted, and the structure of the supposed fossil was 
worked out in detail by Sir J. W. Dawson of Montreal,*^ who pronounced 
the organism to be the remains of a massive foraminifer which he 
called Eorjoon, and which he believed must have grown in large thick 
sheets over the sea-bottom. The same view was like\\dse taken by 
Dr. W. B. Carpenter,^ who, from additional and better specimo}is, 
described a system of internal canals having the characters of those in 
true foraminiferal structures. Other observers, however, notably Pro- 
fessors Eling and Rowney of Galway,*''* maintained that the ‘‘canal- 
system” is not of organic but mineral origin, having arisen in many 
cases “from the wasting action of carbonated solutions on clotules of 
‘flocculite^ or, it maybe, saponite — a disintegrated variety of serpeiitiiio, 
and in others from a similar action on crystalloids of malacolite. In both’ 
cases,” according to Professor King, “there are produced residual ‘figures 
of corrosion ’ or arborescent configurations, having often a regular disposi- 
tion.” The regularity of these forms was attributed by Messrs. King and 
Rowney to their having been determined by a mineral cleavage.*^ ’ Pro- 


Walcott, IQth Anil. Rejp. U,K Q, 1890, p. 652; ** Pre-Canibruiu Fossil iferous Forma- 
tions,” yj. Amcr, GeuL *^oc. x. (1899), p. 199 ; Omujr^s (JvoL Intcmat, Paris, 1900. 

^ Compt. vend, Sth August 1892. Sponges ami foraininircra liave also been reported from 
the i)re-Cainbrian rocks of Brittany (L. Cayeux, Covipl, rend, Juno 189-1, Feb. 1896; 11, K 
il. F. xxii. 1894, p, 197 ; Geol, jiVord, xxiii, 1896, p. 62), but the organic 

nature of tliese supposed fossils has been disputed (H. KaufF, IVcucs Juhrb. 1898, ii. p. 57 ; 
1896, i. p. 117). 

® Rep. Geol, Surr. Oanadu, 1858 ; Amr, Joimi. Iki. xxxvii. (1864), p. 272 ; (y. G, JS. 
xxi. (1865), p. 45. Harrington’s ‘Life of Sir W. E. Logan,’ 1883, pp. 366-378. 

3 Q. J, G. /S', xxi. (1865), p. 61 ; xxiii, (1867), p. 257. See also his ‘Acadian Oeology,’ 
2nd edit.; ‘Dawn of Life,’ 1875; ‘Notes on Specimens of Eozoon Cnuadeiise,’ Montreal 
1888, aud “The Animal Nature of Eozoon,” Geol, Mag, 1896. 

^ Free, Roy. 1864, p. 545 ; q. J. G. K xxi. (1865), p. 69; xxii. (1866), p. 219. 
See also G. F. Matthew on ‘ ‘ Eozoon and other Organisms,” from &t. Joliu, Now Brunswick. 
Bull, Xai. Mist. Sot\ Keio Bmimeick, ix. (1890), p,42. 

fi q, J. a, tl. xxii. (1866), p. 186. 

« Professor W. King, Geol Mag. 1883, p. 47. See the views of tliese writers, sum- 
marised in their work, ‘An old Chapter in the Geological }lecor<l with a new Interpretation,’ 
London, 1881, where a full bibliography will be found. 
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fessor Mobius of KieP also opposed tbe organic nature of Eozwn-y main- 
taining that the supposed canals and passages are merely infiltration 
veinings of serpentine in the calcite. In some cases, however, the “canal- 
system ” is not .filled with serpentine but with dolomite, which seems to 
prove that the cavities must ha^'e existed before either dolomite or ser- 
pentine was introduced into the substance. It may be admitted that no 
structure precisely similar to that of some of the specimens of Euzoon has 
yet been discovered in the mineral kingdom.^ But it must also be con- 
ceded that the chances against the occurrence of any organism in rocks of 
such antiquity, and which have been so distm*bed and mineralised, are so 
great that nothing but the clearest evidence of a structure which cannot 
be other tliaii organic should be admitted in proof. If any mineral 
structure could be appealed to, as so fipproximately similar as to make it 
possible that even the most chatacteiistic foims of Eosoon might be due 
to some kind of mineral growth, the question would be most logically 
settled in a sense adverse to the organic nature of the substance.^ 

The opinion of the organic nature of Eomu has been supposed to 
receive support from the large quantity of graphite found throughout 
the older rocks of Canada and the northern parts of the United States. 
This mineral occurs partly in veins, but chiefly disseminated in scales and 
laminin in the limestones and as independent layers. Sir J. W. Dawson 
estimates the aggregate thickness of it in one band of limestone in the Ottawa 
district as not loss than from 20 to 30 feet, and he thinks it is hardly an 
exaggeration to say that there is as much carbon in the “Laurentian” 
as in equivalent arcjis of the Carboniferous system. He compares some of 
the pure biinds of graphite to beds of coal, and maintains tliat no other 
source for their origin can be imagined than the decomposition of carbon- 
dioxide by living plants.*^ The organic nature of all graphite, however, 

^ ‘ Palo'oiitogi’apljicn,’ xxv. p. 175 ; K^iire, xx. ji. 272. See replies by Carpenter autl 
Dawson, Kat%r(\ xx. p. 328 ; Amvr, Joimu (8) xvii. p. 196; also Amer, Joxmu 
(3) xviii. p. 117. A. U. Nathorst, Kmcs, Jahrh, 1892, i, p. 169. 

“ Tlio nearest resemblaiico to the “ canal-system ” of Eosaon- which I have seen in any 
nudoubtedly mere mineral aggregate is in the structure known as micropegmatite, whore, 
in the intergrowtli of quartz and orthoclaso, arborescent divergent tube-like ramilications of 
the one mineral are enclosed within the other (see Fig. 4). Mr. Rudler, who called my 
att(Jutiou to the resemblance, showed me a remarkable micropegmatite, brought iVom the 
Desert of Sinai by Professor Hull, in which the Bozooual arrangement is at once suggested. 

Whitney and Wadsworth in tlieir ‘Azoic System* (IML Mns. Omp, EnoL Jlarvard^ 
1884, i)p. 528-648) give a summary of the controversy, and decide against the organic 
origin of Eozoon. From the zoological side also Romer and Zittel decline to receive 
Bozoon as an organism. In the i)re-Cambrinii rocks of Bohemia and Bavaria specimens were 
some years ago obtained showing a structure like that of the Canadian Eozooii. They 
wore accordingly described ns of organic origin, under the respective uames of Eozom 
hoMmiemn. and A*, hamricum. But their tnie mineral nature appears to be now generally 
admitted. ‘Jlie original ‘ Tudor specimen * of Eozoon figured by Dawson has recently been 
re-examined by Prof. J. W. Gregory, who decides against its organic origin. J, if, >S'. 
xlvii. (1891), p. 348. 

^ See Whitney and Wadsworth, ‘ AjsoIc System,’ p. 539, and the suggestive paper by Dr. 
Weinschenk, EeUscJi, Kryst, Mm. 1897 ; likewise the remarks made antCf p. 270, on the 
researches of M. Moissau on metallic carbides. 
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can hardly now be maintained. In Canada and the United Suites it not 
only occurs in the limestones, but in pegmatites and running in veins 
through the gneisses. So intimately does it penetrate some of those rocks 
as to suggest that it may have found its way in the form of gaseous oi’ 
liquid hydrocarbons from some underlying magma. 

An important and interesting feature of the pre-Cambrian sedimentary 
rocks is the occurrence among them of abundant proofs of extensive anci 
prolonged volcanic action. Sheets of lava lia\dng an aggregate thickness of 
many thousand feet are inters tratified with coarse and thick volcanic con- 
glomerates and tuffs. The eruptive rocks include both basic and acid 
varieties, for among them are found diabase, melaphyre (often highly 
amygdaloidal), porphyrite, gabbro, quartzless and quartziferous porphyry, 
rhyolitic felsite, augite-syenite, and granite. Some further details regard- 
ing these masses will be given in subsequent pages. In the Lake Superior 
region the amygdaloidal diabases and the conglomerates ai’e largely 
impregnated with native copper. 

TS^ile in some regions the original charactei'S of pre- Cambrian 
rocks, sedimentaiy and eruptive, are as easily determinable as those of 
any ordinary Palaeozoic series, in others they have been more or less 
effaced by subsequent geological revolutions. Gradations can sometimes 
be traced, as in the Penokee district of Wisconsin, from greywackes 
and slates through stages of increasing metamorphism into mica-schists, 
which present every appearance of complete original crystallization.^ 
The limestones have passed into the condition of marbles ; the iron 
ores, probably originally carbonates, have become oxidised into limoiiitc, 
haematite, and magnetite, while the ore has been concentrated into separate 
masses. The “greenstones” have passed into the condition of true 
schists.^ Some of these metamorphosed areas present so many points of 
resemblance to the lower gneisses already described that it is not at all 
surprising that they should have been confounded, and that their true 
relations should only have been made out after much controversy and 
long-continued detailed study. 

During the discussion as to the true relations of those pre-Cambrian 
stratified and eruptive rocks to the coarso-crystalline banded gneisses 
above described, it was pointed out that in some sections a complete and 
strong unconformability occurs between the two series. No doubt could 
there exist as to the enormous break that separates them. In other regions, 
however, the lower gneisses wore shown to be so involved with schists, 
limestones and conglomerates that no satisfactory separation of them couhl 
be made, while in some places the gneiss actually crosses those rocks in- 
trusively. Each country or district may present its own phase of the 
problem. At present, as already stated, no means exist for determining 
the true correlation of the pre-Cambrian rocks in sepamte, and especially 
in distant, areas. If we admit that the lowest gneisses with their accom- 
paniments form an eruptive assemblage of which the component portions 
may belong to widely different periods of time, it is quite conceivable 

^ R. n. Irving and 0. B. Van Hise, 10th Jmi. Rej), 17, JS, G, K 1890, p. 434. 

® G. H. WUUama, JSull. U.S, (L S, No. 62, 1890. 
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that a certain group of sedimentary formations may be found in one 
district to lie unconformably on these gneisses, and in another to be 
pierced by some of their younger members. 

There is likewise some difficulty in fixing the upper limit of the 
pre-Cambrian fonnations. Where the Cambrian rocks lie on them uncon- 
formably the obvious stratigraphical break forms a convenient line of 
division. But in some countries a thick mass of conformable sedimentary 
rocks underlies the Oleiiellns-zorLe which has been taken as the base of 
the Cambrian system, and in these instances the line of separation 
becomes entirely arbitrary. Sections of this nature are of great value, 
inasmuch as they impress upon the geologist that the artificial character 
of the divisions by which he classes the geological record is not confined 
to the fossiliferous formations, hut marks also those of the pre-Cambrian 
series. TJnconformabilities, even where wide-spread, cannot be regarded 
as xmiversal phenomena,’- and though of infinite service in classification, 
should be employed with the full consciousness that the blanks which 
they represent do not indicate any world-wide interruption of geological 
continuity, but may at any moment be filled up by the evidence of 
more complete sections. 

With regard to the comparative value of the pre-Cambrian rocks in 
the chronology of geological history no precise statement can bo made ; 
but various circumstances show that they must represent an enormous 
period of time. We shall see in succeeding pages that from the general 
character of the Cambrian fauna it must be regarded as certain that life 
had existed on the earth for a long series of ages before that fauna 
appeared, in order that such well-advanced gi'ades of organisation should 
then have been reached. One of the most interesting chapters of 
geological history would be supplied if some adequate account could be 
given of the stages of this long pre-Cambrian evolution. 

Further, the mere thickness and variety of the pre-Cambrian formations, 
together 'with their uuconformabilities and other structural features, 
suffice to prove that they represent an enormous chronological interval. 
In North America, where, so far as at present, kno-wn, they are most 
extensively developed, they are estimated to attain a thickness of more than 
65,000 foot, or upwards of twelve miles, and have been regarded there 
as chronologically quite equal to the whole, of the rest of the geological 
record. Even when we eliminate the bedded volcanic rocks from the 
computation and reduce the remaining sedimentary series to the lowest 
allowable dimensions, an enormous mass of stratified material remains, 
which, even if it had been unintemiptedly deposited, would have required 
a period of time comparable to probably more than that taken by tho 
whole of the Palaiozoic s.ystems. But we know that the deposition was 
not continuous. Both in North America and in Etu'ope there is clear 
evidence from marked unconformabiUties that it was broken by epochs of 
upheaval and by long periods of extensive denudation. It is evident, there- 
fore, that we must assign to the records of pre-Cambrian time a far more 

’ Mr. Van Hise has suggested that ** some of tho larger nntjonformlties may he iiiter- 
coutinental in extent,” Ann, Bejp, U,S, iJ, S, (1896), p. 733. 

VOL. II N 
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important chronological value than has generally been apportioned to 
them. 

If, as already stated, it is impossible in the present state of science to 
find any satisfactory basis for the coiTelation of the oldest gneisses in 
distant and disconnected regions, it is not more practicable to ostiiblish 
a basis of correlation for the pre-Cambrian stratified formations. The 
evidence of fossils hardly as yet exists, and mere lithological characters are 
in such circumstances of little value. All that can bo done at present is 
to work out the succession of rocks in each well-defined geogi*aphical and 
geological area, giving local names to the stratigraphical grou2)s or 
systems that may be established, and trusting to future research for some 
method of possibly ascertaining the parallelism of these divisions in 
different parts of the world. Hence in the following summary of the 
characters of the pre-Cambrian rocks in the Old World and in the hJow 
no general terminology will be attempted, but in each country the names 
and dirisions adopted there will be given. 


§ ii. Local Development. 

Britain. — Much attention has been given in recent years to the pre-Oaiubrian rooks 
of the British Isles and a voluminous literature has arisen coneorniug them. Rocks, 
however, have been claimed as pre-Cambrian which are certainly eruptive luasses of 
later date than parts of the Lower Silurian series. Others have been assigned to a 
similar position, though their relations to the older Paheozoio rooks cannot be seen, 
while others again cannot properly be disjoined from the lower portion of the Cambrian 
system. In the confusion which has thus been inti'oduccd it will be most satislactory 
to restrict attention to those rocks and areas about the true relations of which therti 
appears to be least room for dispute. 

In no part of Eui’ope are pre-Cambrian rocks bettor displayed than in N.W. 
Scotland, where, as already described (p. 792), they have undergone extensivi^ regional 
metamorphism. Their position, previously indicated by Macculloclri and Way 
Cunningham, 2 was first definitely established by Murchison, who, with Nieol as his 
earher colleague, showed that an ancient gneiss is nnconformably overlain with a thick 
mass of dull red sandstones, above which lie (also nnconformably, as was eventually 
discovered) quartzites and limestones containing fossils which lie referred to the Ijdwoi* 
Silurian system. He regarded the red sandstones as probably Cambrian, and after 
proposing the terms Fundamental and Le\visian for this underlying gneiss, he llnjiUy 
adopted instead of them the term Laurentian, believing the rocks to bo the equivalent 
of those which bad been studied and described by his friend Logan in Canatlu.** 'rUe 


^ ‘A Description of the Western Islands of Scotland,* 1819. 

2 ' Geognostical Account of the County of Sutherland,* Iliyhiand Tmun, viii. 
(1841), p. 73. 

3 3rU. Assoc. 1885, Sect, p. 85 ; 1857, Sect. p. 82 ; 1858, Sect, p, 94 ; V- 

xiv. (1858), p. 501 ; xv. (1869), p. 353 ; xvL (1860), p. 215 ; xvii. (1861), p. 171. Nicol, 
Q. J. G. S. xiii. (1867), p. 17 ; xvii. (1861), p. 85 ; drit Assoc. 1868, Soot. p. 96 j 1859, 
Sect. p. 119, 

^ In the elucidation of the true relations of the rocks to each other in the N.W. ol* 
Scotland later geologists have taken part, more especially Dr. Hicks, Professor Bonney, Mr. 
Hudleston, Dr. Callaway, and above all, Professor Lapworth and the officers of the 
logical Survey. The literature of the subject, up to 1888, will be found condensed iu 
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subsequent discovery by the officers of the Geological Survey that the Olenellus^zoiiet 
or base of the Cambrian system, forms part of the series of quartzites, dolomites, and 
limestones, 1 proved these formations to be of Cambrian age. The quartzite at the 
bottom of the Cambrian series in the north-west of Scotland reposes with a strong un- 
oonformability, sometimes on the red sandstones, sometimes on the gneiss. Hence these 
last two distinct groups of rook were thus definitely proved to be pre- Cambrian. As 
they difi'er so strongly from each other, their respective limits can be easily followed, 
and as they extend over a united area of hundreds of square miles in the north-west of 
Scotland they afibrd abundant opportunities for the most detailed examination. The 
rocks of this region may be arranged in descending order as in the following table ; — 


Cambrian. 


Dolomites and Limestones of Durness vdth numerous fossils 
indicating Cambrian and possibly lowest Silurian horizons 
(p. 920). 

■^ovijiilitc- ccrit and ‘‘Fucoid beds,*’ with ScUterdla and 
- Oliini.nii'^-zoue. 

Quartzites with abundant worm-burrows. 


Pre-Cambrian. 


[Unconformability. ] 

I Dull red sandstones, shales, and conglomerates attaining a 
■j thickness of at least 8000 or 10,000 feet, the upper limit 
I being lost by denudation and unconformability. 

[Strong unconformability.] 


1.3 


^ Coai*se gneisses and schists derived by mechanical deformation 
from a complex aggregate of ‘eruptive rocks of different ages. 
In one area there appears to be a group of still more ancient 
sedimentary rocks through w^hich the gneisses have been 
^ intruded. 


Lewibian. — The oldest gneisses of Scotland form the Isle of Lewis with the rest of 
the Outer Hobiido.s, and extend in an interrupted band on the mainland from Cape 
Wrath at least as far as Loch Duich, For this important and well-defined group 
of rocks the name Lowisian, proposed by Murchison, seems most appropriate. As 
originally studied, it was thought to be a comparatively simple fonnation. Its 
foliation -planes, like those of other similar rooks, were supposed to mark layers of 
deposit, and to show that the rocks were metamorphosed sediments. It was believed 
to liave been thrown into sharp anticlinal and synclinal folds, of which the axes ran in 
a general north-westerly direction. The detailed mapping of the region by the Geo- 
logical Survey, however, has shown that the apparent bedding is wholly deceptive, and 
that the seeming simplicity gives place to an exti*aordinarily complex structure.® The 
rocks have been ascertained to consist of two great groups : (A) an intricate intermixture 
of various basic, intei’mediato, and acid materials, w'hich constitute by far the largest pro- 
l)ortion of the whole, and have been termed the ** Fundamental complex,’* and (B) a succes- 
sion of dykes, by which the complex has in pre-Cambrian time been traversed (Fig. 364). 

(A) The fundamental and predominant pai’t of the Lewisian series consists of various 
more or less banded, but sometimes amorphous and massive, rocks, which have all been 


the Report by the Geological Survey, in Q, ./. G. *Sf. voL xliv. (1888), p. 878. Tlie mote 
important announcements since that date will he referred to in the sequel 

1 JJnt. Assoc, 1891, Sect p. 638. Peach and Horne, Q. J, O* A xlviii (1892), p. 227, 
and the Annual Reports and Summaries of Progress of the Geological Survey from 1893 
onwards. 

® On the gneiss of N.W. Scotland, see Q, J. G. 8, xliv. (1888), p. 378, where the work of 
Messrs. Peach, Horne, Gunn, Clough, Hinxman, and Cadell is summarised. A detailed 
official memoir on the region is now in preparation. The pre-Cambrian deformation describe^l 
in the text is much more ancient than the regional metamoriffiism discussed antc^ p. 792. 
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included in the general appellation of gneiss. This oldest and main constituent, re- 
garded simply from the petrographical point of view and without regard to theoretical 
questions as to origin, has been classified by Mr. Teall in the following five chief 
types. ^ I. Rocks composed of ferro-magnesian minerals, without felspar or quai*tz ; 
(1) Pyroxenites ; (2) Homblendites. II. Rocks in which pyroxenes are the dominating 
ferro-magnesian constituents, felspar always present, and in some cases quartz : i. witlf- 
out quartz ; (a) Hypersthene-augite-rocks, with garnet (pyroxene granulites) ; without 
garnet (rocks of the Baltimore-gabbro type) ; (&) Augite-rocks, gabbros in structure and 
composition, but forming part of the fundamental complex, and often associated with 
quartz-bearing rooks of a similar character : ii. with quartz ; augite-gneiss. III. Rocks 
in which hornblende is the dominating ferro-magnesian constituent : i. without quartz 
or containing it only in small quantity ; rocks basic in composition : (a) Massive or only 
slightly foliated ; amphibolites with epidote, zoisite, or garnet ; (&) Foliated ; hornblcndo- 
achist (frequently foliated dykes) ; ii. with quartz ; rocks intermediate or acid in 
composition ; (a) Rocks with compact hornblende and a granular structure (hornblende- 
gneiss, proper) ; (6) Rooks with hornblende in fibrous or other aggregates ; (c) Rocks 
with compact hornblende and a more or less graniditic structure (granulitio honiblcnde- 
gneiss). lY. Rocks in which biotite is the dominating ferro-magnesian constituent ; 
felspar and quartz both present: (a) Biotite occurring as independent plates or in 
aggregates of two or three large individuals (biotite-gneiss, proper) ; (&) Biotite occurring 
in aggregates of numerous small individuals (a mre type) ; (c) Biotite occurring as in- 
dependent plates, structure granulitic. V. Rocks in which muscovite and biotite are 
present, together with felspar and quartz — muscovite-biotite-gneiss. 

Although the rocks of these five groups find on the whole their nearest analogies 
among deep-seated eruptive masses, they include in at least one district certain rocks, 
probably of sedimentary origin, consisting of mica-schists, graphitic-schists, quartzites, 
and siliceous granulites, limestones and dolomites, chlorite-schists, kyiuiite-gneiss, and 
sillimanite-gamet-schist, to which further reference is made on p. 890. 

(B) The system of dykes by which the fundamental complex is traversed has been 
arranged by Mr. Teall in the following five petrographical types. I. Ultiia-basiu : 
(a) Massive, peridotites ; (&) foliated, talooae schists containing carbonates and some- 
times gedrite. II. Basic : (a) Massive, — dolerite, epidiorite ; (&) Foliated, — ^hornblende- 
schist. III. Dykes oe pbotiliar composition : (a) Microcline-mica-rocks ; (ft) Biotite- 
diorite, with maoropoikilitic plagioclase, IV. Ghaniter and Gneibsose oiiANri’Es : 
Biotite -granite with microcline. V. Pegmatites: Microcline-quartz rocks witli a 
variable amount of oligoclase or albite.^ 

In some parts of the region, wliere defomation has been least, the rocks have refaiined 
much of what was probably their original character, and can be recognised us fiyenit<i, 
diorite, gabbro, peridotite, picrite, pymxene-granulito, or other massive amorphous 
member of the eruptive rocks. From these structureless areas, gradations can b(j traced 
into well foliated masses and into coarsely-banded gneisses, whore the minerals have, 
segregated into lenticular bands and elliptical or irregular concretions. Though it may 
often be difticult in pmctice to distinguish types of structure among those rocks, Iavo 
such types may in many instances be recognised. In the first place, there is the banded 
or segregated structure, in which the predominant minerals have separated out from 
each other, and have crystallized more or less apart, often in coarse aggregations, form- 
ing in this way distinct bands or folia, which, since they are often crossed by the* planes 
of foliation (Figs. 362, 368), are evidently older than the development of those pianos. 
The bonds consist sometimes of pyroxene or hornblende, with little or no ifiagioclase, 
or of plagioclase with small quantities of the fenn-magnesian minerals and quartz, or 
mainly of plagioclase and quartz, or largely of magnetite. This structure i)robably 

1 Ann, (/eoL iitiro. 1894, p, 280; 1896, p. 17 of Iteprint, 

Ann, jKcp, (feol, Suro, 1896, p. 18 of Reprint. 
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bolongs to the time when the rock existed as an erupted mateiial. It lesembles in 
many respects the segi’egation layers in some sills or bosses of eruptive materials (gabbros, 
doleritos, &o.) which have cooled and crystallized slowly at some considerable depth from 
the surface. In the second place, there is abundant evidence of mechanical deformation 
of the gneiss, especially along planes in certain directions. The rock has been power- 
Jiilly ruptured and crushed in these lines, and has thereby acquired a granulitized and 
distinctly foliated stmcture. 

l^oth in the massive and in the coarsely-banded gneisses of the fundamental complex 
abundant pegmatite veins occur, which vary in width from a few inches to several yards, 
and consist mainly of felspar and quartz. These grey veins, sometimes so numerous as 
to constitute a large i»orportion of the whole rock, occasionally enclose patches of the 
dark more basic, rock around thenj. but have no determinate grouping (Fig. 360). They 



Ki«. 800,-- Wins of pegmatite in gneiss, south of Capo Wrath. 


have played an important i»art in tho ultimate constitution of the gneiss. Where still 
quite traceable, but where they have come within the influence of mechanical defor- 
mation, they appear as rudely parallel and puckered bands (Fig. 3C1). But as we pass 
into the more thoroiighl}’’ foliated portions of tho gneiss, tho oiiginal character of the 
pegmatites. is found to ho more and more affected, until it becomes no longer recognis- 
able in tho accpiirod schistose structure. The dark basic portions of the original mass 
pass into rudely foliated basic gneisses, and tho grey pegmatites shade into the more 
quartzoso bands associated with them. Thus the dciivation of the gneisses from 
amorphous igneous rooks may bo regarded os established beyond dispute. 

As illustmtive of tho conclusion that while there seems good reason to believe that 
the segregated or coarsely-bandod structure indicates a separation and crystallization of 
materials out of a still unconsolidated igneous magma, the predominant foliation struc- 
tures which traverse these bands were produced by powerful mechanical movements, 
such a section as that presented in Fig. 362 may be cited. Tho mineral bands have 
there been violently plicated, and have been cut through by a succession of thrust- 
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planes (t t), by whicb they have been pushed forward and piled over each other. The 
foliation (indicated by the fine parallel lines in the diagram) thus superinduced follows 



Fig. 361.— Gneiss with deformed pegmatites— Cape Wratli, 


the direction of movement, and crosses indiscriminately the boundaries of the different 
aggregates of original mateiials. Viewed from a little distance the darker and lighter 

crumpled layers foirni a striking feature 
on many coast cliffs, but they are seen 
to be abruptly truncated above and 
below by thrust-planes parallel to which 
the gneiss has sometimes been criislud 
and rolled out into flaggy shoots (Fig. 
863). These ancient structures are 
similar to those so abundantly de- 
veloped in tlie younger or eastern 
gneisses already (p. 796) referred to. 
They seem to make it certain that after 
the consolidation of the complex assem- 
blage of igneous rocks and the produc- 
tion of their pegmatites, a series of power- 
ful mechanical movements crumple^d, 
crushed, and sheared the whole mass, 
and produced in it a distinct foliation. 
Portions of one kind of matorial, such 
as dark hornblende, have been separated from the rest, and have boon involved as 
distinct lumps in another variety, such as grey quartzose gneiss. 

The detailed investigations of the Geological Survey have further shown that, after 
the first foliation had been superinduced in the fundamental complex, a new series of 
igneous protrusions invaded the gneisses, chiefly in the form of dykes. The petrograplii- 
cal characters of these later intrusions have been given above, and their general dis- 
tribution is shown in Fig, 864, which represents an area of about twelve square miles in 
the w'est of Ross-shire. The earliest and most conspicuous of them consist of a remark- 
ably abundant series of dolerite dykes running in long parallel bands in a general 
W.N.'W. and E.S.E. direction (B in the Fig.). The latest are dykes of granite or syenite, 
while pinbably of intermediate date, are certain highly basic dykes, among whicli 

^ Figs. 362, 366-369, are taken by permission of the Council of the Geological Society 
from the Report of the Geological Survey published in the Quarterly Journal of the Society 
for August 1888. 



Fig. 362.1 —Section of Lewisian gneiss, ombraclug a 
vertical surface of several hundred square yards. 
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808. — Plicated banded giicies between inaRses that have been sheared pain-llel to the thrns&>planoB, 
noi-th aide of Loch Torridon. 


igneous intrusions being tolerably clear, we have here proofs of a long interval of 
subterranean activity, during which the magma that was first injected into the gneiss 



Pig. 804.’»Map uf a portion of tho Lewisian Gneiaa of liosa-Hhire. 

Taken from Shoot 107 of the Geological Survey of Scotland on the ecalo of one inch to a mile. Tho 
white ground (It) marks tho general body (fundamental complex) of tbe gneiss, traversed by dykes 
of dolorito (B), which are ctit by later dykes of iwrldotite, picrito, &c. (P). All these rocks aro 
shifted by ftiults or thrusts and overlain \inconformably by tho Torridon Sandstone (t) with its 
intrusive sheets of oligoclttBO*porphyry (S’). Dip of foliation shown by arrow's. 

in such basic form as dolerite parted progi’essively with its more basic constituents until 
it became in the end quite acid. It is interesting to find, even among the most ancient 
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rocks of Britain, a sequence of einiptive materials, from basic to acid, like that 
which appears so markedly among the Palteozoio and Tertiary volcanic phenomena 
{p. 709). 



Fig. 365 —Foliation indueed in a granite vein in gneiss, Loeh Laxfonl. 

After the injection of these various eniptive materials, the whole region of the north- 
west of Scotland was once more subjected to jiowerful dynamic movements, whereby all 
the rocks were profoundly affected. The results of these operations are found partly in 
vertical lines or bands of mpture or crushing (Figs. 364, 866), along which, sometimes for 
a breadth of 500 feet or more, the rocks have been crushed or sheared, partly in thrust- 



Fig. see. -Ground-plan illustrating the deflection an<l disruption of the dykes in the Lewisiau 
gneiss of N.W. Scotland. 

TT, Crusli-line or Tlirust; DD, Dyke, deflected about i mile and muoli compressed. The dotted lines 
show the strike of the gneiss and its displacement by the thrust ; the flue parallel linos in the dyko 
and in the gneiss mark the direction of the, newer schistosity developed by the thruHt-movement, 
which was In the direction of the arrow. 

planes which are often nearly flat (Figs. 844, 369). In some instances the intrusive 
dykes remain quite distinct, but have acquired a more or less distinct foliated stnicturo, 
the planes of foliation being parallel to those which traverse the surrounding gneiss 
(Fig. 866). But the alterations produced by these enormous terrestrial stresses are most 
strikingly displayed by some of the more basic dykes. 

Along the central portions of one of the basalt or dolerite dykes, the massive rook 
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has been broken into oblong lonticles round which the more crushed material passes 
into hornblende - schist, wliile the 
outer portions of the dyke likewise 
become entirely schistose (Fig. 367; 
compare Fig. 266). So great lias been 
the motamorphism even in the lenticles 
that the augite has been mostly 
changed into hornblende ; the felspars 
have assumed an opaque granular con- 
dition, and the rock becomes a diorite. 

The peridotito and picrite dykes have 
been converted into soft talcase schists, 
the veins and belts of grrs^itr into 
toid gneiss. Such, . -i 1... u .'e 
compression that in some cases dykes of 
fiO or 60 yards in breadth are reduced, 
where one of those thrusts or crush -lines 
crosses them obliquelj^, to a thickness of 
no more than four feet, while the hori- 
zontal displacement sometimes amounts 
to a quarter of a mile (Fig. 866). Be- 
sides foliation produced parallel to the 
vertical or highly inclined lines of 
movement, a similar structure has been 
superinduced in the gneiss parallel to 
the gently inclined thrust-planes. 

The influence of these later movc- 
nionts, not only on the amorphous dykes 
and veins, but on the general body of the 
already foliated gneiss itself, has liecu 
])rofound. Where the change has been 
most complete, a n0^v foliation has 
complotoly obliterated the original 
structure. From this extreme every gradation may be traceil, back to tin* lirst schistose 
structure, and thence into the original amorphous condition. In many cases this new 



Fig. 3<JS.— Diagnim showing later oblique foliation crossing the original banding of the bowisian gneiss 

(about nat. size). 

foliation has been produced nearly or quite along the planes of the old structure. But 





Fig. 307. — Diagnuii ofdolnntu dyk<‘. cutting L^wisiaii 
gneiss, representing uu aivii of about iiOO square yards. 
Tliedavk portion uqn'cseiits the dyke with its “eyes" 
orlentieh's Humuinded by and imssing nuitginally into 
honiblcnde-sfhist. The grey band on either side ot 
the dyke is the suiTOuuding gneiss \\bich has been 
atfocted by a seeomlary Ibliation iMirallel to that of 
the dyke. Tin* arrow shows the direction of inovoment 
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everywhere examples may be observed where the alternate folia of lighter and darker 
matenal are traversed obliquely by the newer structoe, which may be perfect in the dark 
more basic bands and hardly developed in the grey more qiiartzose parts. 

The various terrestrial movements indicated by the complex composition and structure 
of the Lewisian gneiss must not be confounded with the post-Cambrian disturbances of 
the same region which produced the regional metamorphism already described (p. 792).' 
The whole of them had been completed, and the rocks in which they took ])lace at a 
gi’eat depth had been exposed at the surface by vast denudation before the next member 
of the pre-Cambrian series was formed. The Toriidon sandstone lies unconformably 
on the old gneiss, covering alike its dykes, crash-lines, and thrust-pianos, hy not one 
of which is it in the least degree affected. It is of course impossible to fc»rni any 
adequate conception of the length of time denoted by this nncouformahility. But the 
more the geologist tries to realise what the denudation of the old gneiss involves, the 
more impressed will he be with the vastness of the period which it denotes. 

Over nearly the whole of the Lewisian gneiss, so far as it has been studied on the 
mainland, no trace has been found of any rocks save what probably had an oniptivo 
origin. In at least one district, however, which includes the picturesque valley of Loch 
Maree, a remarkable group of rocks occurs to which allusion has already been made 
{p. 883). Though their exact relations are not without some doubt, these rocks 
appear to indicate a sedimentary series through which the Lewisian gneiss has 
been erupted. They consist chiefly of fine mica-schist, (piartz-sehist, graphite-schist, 
and limestone. The graphitic material occurs in baiids an inch or more thi(*k in tho 
niica-sohiat. The limestones are persistent beds, having generally a saccharoid texture, 
and sometimes full of the usual minerals found in marble in a zone of contact-mota- 
morphism. The line of junction of this group of rocks with the gneiss is well defined, 
but does not distinctly show any iutrusion of the latter, appearing rather to have r(‘- 
sulted from movement with concomitant crusliing. If these strata, so similar in many 
respects to rocks in the central Highlands, are eventually ])rovod to be truly of sedir 
mentary origin, they will possess a high interest as the oldest geological formation of 
which the stratigraphical position has been definitely fixed in Britain or in Riiro])e.^ 

In some portions of the north-west of Scotland, especially in tho north of Sutherland, 
the surface of the gneiss has been reduced, after prolonged denudation, to a kind of level 
platform on which the ToniJon Sandstone has been deposited. But farther south that 
surface presents a singularly uiioveu character, rising into heights 3000 foot above the 
sea and sinking into hollows that descend below sea-level. In the rugged nioinitainoTis 
ground between Lochs Maree and Broom, this primeval land-surface is impressively 
displayed, for the thick mantle of red sandstone under which it was buried and })rcscrved 
has been irregularly stripped off, and the details of the prc-Tovricloniau topography can 
easily be traced. 

Toueidonian.— From Oai>e Wiath, at the extreme north-west ond of Swotland, south- 
wards for more than 100 miles, there stretches a broken belt of bingular conical or 
pyramidal hills, rising sometimes to more than 3000 feet above the sou, and })ro«outing 
alike in their form and colouring a striking contrast to the rest of the scenery of that: 
region. They are chiefly built up of nearly horizontal or gently inclined strata of 
reddish-brown or chocolate -coloured sandstones and conglomorntes. As they ju*e 
abundantly displayed among the mountains that surround Loch Torridon, one of the 
most picturesque inlets in the north-west of Scotland, they were called by Nicol the 
“ Torridon Sandstone.” They were originally supposed to be Old Bod Sandstone, and 
to represent the lower sandstones and conglomerates of that system as developed in tin*, 
ewt of Sutherland and Ross. After the discovery of what were believed to bo Lower 
Silurian fpssils in the Durness limestones, which overlie the Torridon Handstones, 

See Brit, . 1891, Sect. p. 634. Similar rooks have now been traced south-westwards 

into Glenelg. Snviimr}/ of Progrens of Geoh Surf&if, 1897, p. 37 ; 1899, p. 17 ; 1900, p. 8. 
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Murcliison assigned those sandstones to the Cambrian system. But the recent detection 
of the Olenellus-zone among the strata which rest unconformably upon them proves tliat 
they must be of still older date. They are now classed as “Torridoniau** in the pre- 
Cambrian formations or systems of Britain. 

The strata now to be described repose with a Tiolent unconformability on the 
Lewisian gneiss, and are in turn covered unconformably by certain quartzites to be 
afterwards more fully referfod to as forming the base of the Cambrian system. Where 
most fully developed, in the south-west of Eoss-shire and in Skye, they are between 
10,000 and 14,000 feet thick. The following subdivisions have been recognised among 
them by the Geological Survey.^ 

4. Cailleach Head Group : sandstones, flags, dark and black shales and calcareous 
bands. 1000 to 1500 feet. 

3. Aultbea Group : chocolate- coloured and red sandstones, and gi’ey micaceous 
flags, with partings of grey, green, and dark shale. 2000 to 3000 feet. 

2. Applecross Group : coarse arkose, with pebbles of vein-quai'tz, quartzite, quartz- 
schist, mica-schist, fclsite, jasper, &c. 4000 to 5000 feet 

1. Diaheg Groujj : hard rod sandstones and grits, gi’ey gi’eywackes, red mudstones, 
dark grey and black shales, limestone and calcareous bands ; 500 feet and 
upwards, but increasing westwards in Skye to perhaps 6000 or 6000 feet, and 
consisting there chiefly of giits, which at the base are highly epidotic, and 
include on the mainland a conglomerate which rests on the upturned edges 
of the gneiss. 

An examination of the pebbles in the conglomerates has shown that schistose or 
metumorphic rocks arc rare among them except in the basal breccias and conglomerates. 
They iuclude a number of rocks that have not been detected in any* part of the Lewisian 
gneiss. Tile most, interesting of these arc jjebbles of various felsites, in which spheru- 
litic and perlitic structures can be recognised, and which present a striking resemblance 
t<? the Uricoiiiaii felsites of Shropshire (p. 896), fi’agments of which occur in the 
Longmyiuliau rocks.- 

Tlieso iJebbles in the Torrid oniau sediments indicate the existence of volcanic rocks 
at the surface during the time when the strata were being deposited, but no such 
rocks have yet been met with in place in the norili-west of Scotland. The conglom- 
■erates at the base of the Torridoninn series are occasionally so coarse as to deserve the 
name of boulder-beds. Sometimes, indeed, whore the component blocks are large and 
angular, as at Gairloch, they remind the obseiTcr of the stones in a moraine or in 
boulder -clay.’* The sandstones or arkoses of the thick and characteristic Applecross 
group arc in large, measure com])OSod of pink felspar, derived from such rocks as the 
pegmatites of the surrounding gneiss. An occasional thin band may bo found in the 
lowest group, consisting largely of grains of magnetite and zircon, whence we learn at 
what an ancient epoch in geological histoiy heavy and durable grains were separated out 
from the more ordinary sediment (see p. 163). The highest visible or Oailleaoh Head 
grou)), and also the lowest (Diaheg), iuclude shales, limestones, and calcareous bands, 
which have been carefully soarobed for fossils, but hitherto without success. Certain 
track-like and other markings are suggestive of organisms. Perhaps a surer indication 
is afforded by the oocuri’ence of phosjjhatio nodules in the dark micaceous shales of 
Oailleaoh Head, which may bo of organic origin, and in which Mr. Teall has detected 
under the microscope certain spherical cells wdth brown-coloured fibres in them, that 
appear to be debris of organisms.^ 

Thick as the Ton’idonian groups of strata are, they represent only a portion of the 

^ Ami, Rap, for 1893, p. 263. 

- Mr, Teall, A nn. Bqu Gaol, Sure, 1895, p. 20 of Eeprint. 

’** A. G., Natnrfit xxil. (1880), p. 402. 

^ Siminari/ qf Brogms qf Gaol, Sun\ for 1899, p. 185. 
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geological peiiod which they record, for their base 
rests imconformably and at different horizons on the 
Lewisian gneiss, while their upward prolongation 
above the highest remaining gi’oup has been removed 
by denudation. There can be no doubt that the 
interval between the deposition of the highest visible 
portion of the Torridonian series and the base of the 
Cambrian formations must have been of prolonged 
duration. For not only had the rod sandstones been 
upraised, but they had been profoundly trenched by 
denudation. So vast and unequal was the erosion 
that while at one place the lower quartzites are seen 
reposing on 8000 to 4000 feet of Torridon sandstone, 
lit another only a few miles distant they rest directly 
on the Lewisian gneiss, the intervening massive 
group of stmta having been entirely bared away.^ 

As already described (p. 792), there are extensive 
tracts where the pre-Cambrian rocks do not remain 
in their original positions, but have been pushed 
into their present places by great subterranean dis- 
turbances, and have actually been shoved over strata 
of recognisably Cambrian age. In the dctaibwl 
account above given of the stiucturo of north-west 
Scotland it was shown that by these oarth-movemeuts 
slice after slice, sometimes gigantic in dimensions, 
of the Lewisian gneiss and of the Torridonian sand- 
stone have been shoni from the mass of these 
formations below groiuul, have been piled one on the 
other, and have been driven for miles westward over 
the Cambrian strata which originally lay above them ; 
that the rocks subjected to such enormous pressure, 
dislocation, and deformation have undergone serious 
metamorphism j and tliat finally by a gigantic nip- 
turo and thrust a thick series of gneissoso flagstones 
(“Moine schists’*) has been brought fonvard. l?y 
way of further elucidation of this cxtiaordinary 
structure the annexed section is given (Fig. 309). 
It will be seen what an enormous body of gneiss bus 
here been displaced and pushed over the Cambrian 
strata, which in txim have been cut into slices and 
piled up above and against eaoli other. Among the 
alterations of the Torridon sandstones one of the 
most interesting is the production of pegmatitio veins 
in them, like those which traverse eruptive rocks. 
These strata have been onished and stretched in 
such a manner that ruptures, often lenticular in 
fonn, have been produced in them. In the cavities 
thus caused there has been a deposition of quartz 
and of quartz and pink felspar (Figs. 268 and 345). 

Of many of the rocks which have been thus 
displaced and metamorphosed, it is extremely 
difficult to form a satisfactory opinion regarding the 

^ Tins structure is shown both in Figs. 344 and 369. 
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probable source and original condition. The larger displaced slices have preserved their 
original structure best, and there is thus little difficulty in generally recognising those of 
Lewisian gneiss. We have seen that in the west of Inverness-shire some of these slices 
are much more than 50 square miles in area. Hence in that region this gneiss probably 
constitutes a large proportion of the reconstructed schistose series which has been thrust 
tvestward over the Torridonian and Cambrian formations. The Torridon sandstones 
likewise can be occasionally identified, and may constitute a not inconsiderable pro- 
portion of the “Upper gneiss” of Western Ross-shire. Possibly other sedimentary 
material, such for instance as the Durness quartzites, dolomites, and limestones, 
together with any strata which were deposited above them, may have been involved in 
the gigantic crushing movements that produced the younger or eastern schists. As the 
detailed work of the Geological Survey advances the sources from which these schists 
have been derived may be more fully known. But the gi’oat fact has been abundantly 
established that the movements which pushed the rocks into their present positions and 
imparted to them their existing foliation took place after Cambrian time, and before 
the period of the Old Red Sandstone. We have thus a notable example of extensive 
regional metamorphisni during the Palieozoic ages. 



Fig. aTO.—Aniphibolite sill in giieisB, ArilacUy, Isle of Mull. 

Dat^radian.— In the central, southern, and eastern Highlands of Scotland, that is, 
throughout the hilly ground east and south of the line of the Great Glen, an important 
series of motaniorphic rocks is largely developed, the true stratigraphical position of 
which is not yet certainly known. Por these, as a convenient pravisional designation 
until their relations are determined, I proposed in 1891 the term Dalradian.^ They 
consist in largo proportion of altered sedimentary strata, now found in the form of mica- 
schist, graphito-scliist, andalusite-schist, jiliyllite, schistose-grit, greywacke, and con- 
glomerate, quartzite, limestone, and other rocks, together with epidioiitos, ohloritio 
schists, hornblonde-sohists, and other allied varieties which probably mark sills 
(Pig. 370), lava-sheets, or bods of tuff, intercalated among the sediments. The total 
thickness of this assemblage of rooks must amount to many thousand feet. Some of its 
members are so pox-sistent as to form recognisable horizons, and to aiford a basis for some 
appro-ximation to a stratigraphical ari*angoment of the whole. In Perthshire, for example, 
the following groups in descending order have been mapped by the Geological Survey 

Dark schist and limestone (Blair Athol), 

Quartzite (Bmi-y-Oloo). 

^ Q, J, G, S, xlvii. p. 76. “ Dalradian ” is taken from the old Celtic region of Dalriada, 
whore the rocks are well developed. The term is not meant to describe an independent 
geological system, but as a short epithet to denote a group of rocks, of which the precise 
stratigraphical relations are not yet determined. The fullest published accounts of these 
rocks will be found in the ArmuetZ Jt^oris and Summaries of Progress of tfic Geological 
Survey from 1893 onwards. 
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Graphite-scliist. 

Calcareous sericite-schist, and serioite-schist with bauds of quartzite. On this horizon 
occurs a great mass of epidiorite and hornblende-schist. 

Garnetiferous mica-schiat and schistose pebbly grits. 

limestone (Loch Tay ). Hornbleude-sobiats occur above and 1 )olo w th is horizon ( Pig. 871 ). 

Garnetiferous mica-schists, schistose grits, with 'pebbly bands and thick bands of “ green 
schists. ” Homblendic sills begin to appear in this group. 

Massive grits with schists and conglomerate containing pebbles sometimes as huge as a 
pigeon’s egg. (Ben Ledi, Loch Achray, &c.). 

Zone of slates (Aberfoyle). 

Pebbly greywaoke and grit with black shales and limestone below (Pass of Leny). 

The Loch Tay Limestone has now been traced completely across the country from the 
Moray Firth through the Grampian Mountains to the west of Argyllshire, and some of the 
other zones have been followed for many miles. As we have soon, the inetamorphisiu of 
the rocks varies considerably, not only according to their composition, but even along the 
line of strike of the same group. On the whole, the plication, cornigation, and alteration 
appear to be most intense in the Central Highlands, as indicated in Fig. 871, and to 
become less as the rocks X'ecede from that area towards the north-east and south-west. 
One of the most singular and instructive instances of this variation is that wdiich has 
already (p. 796) been cited as having been mapped by Mr. J. B. Hill, of the Geological 


Ben Lawers. 



Fig. 371, -Showing the corrugation of the Ualradian Herlos In Central Perth«hir<». 

1, Mica-schist ; 2, Loch Tay Limestone ; 3, Graphitic schist ; 4, Quariz-schistH. 'Hio black IkukIh 

ore sills of epidlorlk*. 


Survey, in the district of Loch Awe, where a series of grits, phyllitcs, and linnsstonoH, 
resembling ordinary Palneozoic sediments, has been found to ])aHS along the strike into 
the thoroughly crystalline schists of the Central Highlands. 

Although it is still impossible to express a definite opinion as to the stratigraphieal 
position of the Dalradian rocks, there is reason to believe that, like the scries which lies 
on the west side of the Great Glen, they may include representatives of tlui Liswisian, 
Torridonian, and Cambrian groups of the north-west Highlands, and not imi)robably also 
of a considerable mass of later, even of Lower Silurian strata. Some of the gneisses and 
gneissose flagstones ai’e strongly suggestive of parts of the series of Western Sutherland and 
Ross, The quartzites of Perthshire, Islay, and Jura, so similar lithologically to those of 
the Cambrian series of the north-west, have yielded aunelidc burrows like those ofSntluu-- 
land and Ross. Still more significant is the occurrence of what arc probably Ar<uiig 
strata wedged in along the southern borders of the Highlands. The latest oi-ogeuic and 
inetamorphio stresses that have affected that region certaijily took place after these strata 
had been deposited (p. 797). This subject will be further referred to in connection with 
the distribution of the Silurian fox*matioxis in Scotland (p. 951). 

In the north and west of Ireland, crystalline schists and eruptive rocks cover a largo 
area; but as the rocks which unconformably overlie them are xiot of higher unti(iuity than 
the Carboniferous and Old Red Sandstone, them is no absolute proof in that country of 
their pre-Cambrian age. There cannot, however, be any doubt that it is the Dalradian 
series of limestones, quartzites, phyllites, mica-schists, epidioritos, granites, atid other 
crystalline rocks, which crosses from Scotland and spreads across the northern and 
western counties of Ireland. The liish development of those rocks is similar to tlieir 
gi'ouping in Scotland, some of the bands of quartzite, conglomerato, limestone, phyllite, 
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and mica-schist being probably continuations of similar bands on the Scottish mainland 
and in the islands of Argyllshire.^ But there are also scattered areas of coarsely-handed 
gneisses which present the closest resemblance to parts of the Lewisian gneiss of Scot- 
land. The best areas for the study of these rocks lie near Pettigoe and Ballyshannon 
(Donegal), from Erris Head to Blacksod Point (Mayo), in the Slieve Garnish or Ox 
Mountains stretching from Castlebar beyond Sligo to Manor Hamilton, and in the 
western part of the county of (Jahvay. The relations of the Dalradian series to the 
gneisses and granitoid rocks have not been accurately determined. But there is reason 
to believe that the former rests with a violent unconformability upon the latter. Near 
Castlebar, Mr. A. M‘Henry, of the Geological Survey, has found at the base of the 
Dali’adian schists a coarse conglomerate made up largely of fragments of the gneisses and 
granites on Avhich it rests. 

Ill England and W ales, a number of detached ai'eas of rocks have been claimed as 
pre-Cambrian, though the stratigi’apliical evidence for their age is not generally very 
clear. The tract where such rocks are most extensively exposed and where their strati- 
gi*aphical position is best seen is to be found in Anglesey. Although the Olenelhis-zoTiQ 
has not boon discovered, the fossils found in the lowest strata indicate Treinadoc and 
possibly even Menovian horizons in the Lower Cambrian series.® At the base some con- 
glomerates evidently lie with a marked unconfonnability on certain crystalline schistose 
rocks. It was the belief of Sir A. C. Ramsay that the latter were metamorphosed 
portions of the Cambrian system, and they were so represented on the Geological Survey 
maps. But a re-examination of the ground leads to the conclusion that they had 
actiuired their ]»resent crystalline characters before the Cambrian strata were laid down 
upon them ; and as these strata belong to a low pari, if not the base, of the Cambrian 
system, it becomes manifest that the schists must be of pre-Cambrian age.® 

Three groups of schistose rocks, which differ considerably in petrographical characters, 
have been detected in Anglesey. One of these, consisting niuiuly of coarse gneisses, 
abounding in hornblende, gurnets, and brown mica, and with coarse pegmatite veins, 
presents a close resemblance to poriions of the Lewisian series of N.W. Scotland. 
The second group occupies a much larger area, and is composed of flaggy chloritic schists, 
green and purple phyllites or slates, quartzite, grit, and other more or less recognisably 
clastic rocks. The resemblance of those masses to the Dalradian series of Scotland and 
Ireland is striking. The (piartzites of Holyhead contain anuelide burrows. The third 
group couBist.s of chloritic schists, grits, phyllites, and shales, the stratigraphical relations 
of which have been much obscured by extreme disturbance.^ The exact stratigraphical 
relations of these crystalline groups to each other have not yet been satisfactorily deter- 
mined. It may, however, bo regarded as a well-established fact in British Geology that 

1 The fullest secount of these Irish metaiuorphic rocks will be found in the Memoirs of 
the Geological Survey of Ireland ; see especially those on Sheets 1, 2, 5, 6, and 11 (Inishowen, 
Go. Donegal) ; 3, 4, 5, 9, 10, 11, 15, and 16 (N.W. and Central Donegal) ; 22, 23, 80, anti 
31 {S.W. Donegal) ; 31 and 82 (S,35. Donegal). See also Harkneas, Q, J, (t. S, xvix. (1861), 
p. 256 ; Callaway, ojj, cU* xli. (1885), p. 221. 

® Professor Hughes, q, J, K xxxvl. (1880), p. 237 ; xxxvlii. (1882), p. 16. 

•’ Professor Hughes, op, cU, xxxiv, (1878), p. 137 j xxxv, (1879), p. 682 ; Brit. Assoc. 
1881, Sects, p. 643 ; Proc. Oovib. Bhil. t^ic, iii. pp. 67, 69, 341. Professor Bonney, Q. J. 
U. K XXXV. (1879), .pp. 300, 321 ; Ocd. Mag. 1880, p. 126. Dr. Hicks, Q. J. O. S. xxxiv. 
(1878), p. 147 ; xxxv. (1879), p. 295 ; Oeol. Mag. 1879, pp. 433, 528. Dr. Callaway, Q. 
jr. a, K xxxvii. (1881), p. 210, xl. (1884), p. 567. Professor J. P. Blake, ojp. cit xliv. 
(1888), p. 463 ; lirit. Assoc. 1888 (Report on Microscopic Structure of Anglesey Rocks). 
Address, Q. J, <f. K xlvii. (1891), p. 82. 0. A. Matley, oj). cit. Iv. (1899), p. 636; Ivi. 
(1900), p. 283 ; Mi. (1901), p. 20. 

I was disposed to regax'd this group as in part at least of Lower Silurian age, but the 
more recent and detailed surveys of Mr. Matley show that it is probably older. 
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early in the Cambrian jieriotl there existed at least one tiuct of old crystalline rocks 
above water in the nortli-w’est of Wales. 

On the bordera of Shropshire and Wales a ridge of ancient rocks rises up from under 
Silurian strata which lie upon it unconformably. Part of this ridge consists of eruptive 
material \vhich wtis formerly believed to be of later date than the sedimentary rocks 
immediately around. But the main j^ortion of the high ground is formed of a thick 
series of evidently very old grits, slates, and other clastic deposits, which, though hardly 
any trace of organic remains had been found in them, w'ere assigned to the Cambrian 
system. More i*ecent researches, however, have shown the presence of the 0Un4illm-7m\Q ’ 
in this district at the base of a group of strata, wdiich are thus definitely proved to be 
lower Cambrian.^ From this important horizon it is possible to work backward and to 
show tliat underlying these basement parts of the Cambrian system a remarkable group 
of igneous rocks comes to the surface. The investigations of Mr. All port and Dr. 
Callaway have shown that these rocks include both lavas and fragmental ejections, varying 
from coarse breccias to fine tuffs. The lavas aro generally felsitic in character, showing 
true rhyolitic stmetures, but there occur also bauds of diabase which may possibly be 
sills. There is thus clear evidence of a copious ejection of volcanic materials in this part 
of England before the oldest Cambrian formations wore laid down.^ 

Though the evidence is not perhaps conclusive, it seems to point to an uuconform- 
ability between the base of the Cambrian system and this volcanic gi’oup, which would 
thus probably be of pre-Cambrian date. The relation of the volcanic masses to the 
great thickness of ancient sedimentary strata constituting the Longmynd ridge ha,s not yet 
been satisfactorily determined, though there are indications that the volcanic gi'oup lies 
at the bottom. Dr. Callaway has proposed the name Urlcoma)i for that group, and Lcnig^ 
myndim for the thick series of sedimentary strata lying to the westward. Those names 
may be provisionally accepted. The Lougmyndian rocks hnvo generally been assigned 
to the Cambrian system, and they may possibly still bo shown to belong to that p{U‘t of the 
geological record. The XJriconian volcanic group, however, is probably pro-Cnm\n‘ian, 

In other parts of England and Wale.s, isolated areas have been described tus (sontaining 
pre-Cambrian rocks. Of these the district of St. DavhUs in Pembrokeshire has attracted 
the largest share of attention, chiefly through the prolonged and onthiisiasiie labours of 
the late Dr. Henry Hicks, wdio in that small area endeavoured to establish the existence* of 
three distinct pre-Cambrian formations. At the base, under the name of * Dimotian, ” he 
placed what he considered to be granitoid and gneissic rocks with bands of impure 
limestone or dolomite, schists and dolerite, Above these he distinguished as Arvon- 
ian ” a group composed essentially of rhyolitic felstones, breccias, and tuffs, nuirking 
volcanic emptions of an acid type, while at the top lio described by the designation 
** Pebidian,” a series of tuffs and slates.^ After a careful study of the ground I came to 
the conclusion that there is no trace of pre-Cambiian rocks at St. David's. I regard the 
so-called “Dimetian” as a granite which has invaded the Cambrian rocks; the 
“ Arvonian ” includes the quartz-porphyries, which appear as apophyses of the granite ; 
while the “ Pebidiau ” is an interesting gi’oup of basic lavas and tuffs which form liere 
the lowest visible part of the Cambrian system (referred to at p. 919). A similar 

^ Lap worth, Geol. Mag. 1888, p. 484, 

2 S. Allport, q. J. a. x.\xiii, (1877), p. 449. C. Callaway, op. cU. xxxiii. p. 052 ; 
xxxiv. (1878), p. 754 ; xxxv. (1879), p. 643 ; xxxriii. (1882), p. 119 ; xlii. (1880), p. 481 ; 
xlvii. (1891), p. 109. (^eol. May. 1881, p. 348 ; 1884, p. 362 ; 1886, p. 260 ; 1900, )). 
511. J. P. -Blake, Q. J. G. xlvi. (1890), p. 386. 

« Q. 'J. a. S. xxxi. (1876), p. 167 ; xxxiu. (1877), p. 229 ; xxxiv. (1878), p. 1.53 ; xxxv, 
(1879), p. 285 ; xl. (1884), p, 507. My account of the so-called pre-Cambrian rocks of St.. 
Davids will be found in <2. ./I G, S. xxxix. (1883), p. 261. Professor Lloyd Morgan has 
since confirmed my main conclusions, op. cit. xlvi. (1890), p. 241. Compare also J. F. 
Blake, op. cit, xl. (1884), p. 294. 
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group of Lreccias and tuffs underlies tlie Cambrian slates of Llanberis, and lias likewise 
been claimed as pre-Cambrian, but it can be shown to pass up continuously into the 
Cambrian strata. In the Malvern Hills a core of gneissose and schistose rocks is doubt- 
less of pre-Cambriiiii age, fragments derived from it being found at the base of the over- 
lying uncoil formable Cambrian strata.^ Troin the plains of Leicestershire rises an 
insular area of rocky hills (Charnwood Forest) composed of slates, tuffs, and various 
crystalline rocks, which by the Geological Survey have been coloured as altered Cam- 
brian. Messrs. Bonney and Hill, who fully described these rocks, regarded them as of 
pre-Cambrian date, and showed to what a large extent they are composed of volcanic 
agglomerates and tuffs.^ The rocks are immediately surrounded and overlain by Triassic 
sandstones, so tliat their relations to older rocks ai’e concealed. Although there is 
thus no stratigraphical evidence to fix their age, they must be admitted to be litho- 
logically different from any known Palieozoic series in the country. They may thus 
with some probability bo regarded as pre-Cambrian. They have been recently mapped 
in detail by Messi*s. Fox Strangways and W. W. Watts, of tlie Geological Survey, and 
present the folloudiig succession in descending order : — 

Brand sei'ies, consisting of slates at the top, underlain bj’ conglomerate and quartzite 
(containing worm-tracks), lying upon puride and green beds. 

Muplewell series, composed of olive bomstonea ; Woodhouse beds, slate-agglomerate, hom- 
stone of Beacon Hill, and felsitic agglomerate. 

Blackwood series.'* 

Another protuberance of ancient rocks rises in Central England from beneath the 
coal-field of Eastern Warwickshire. In this instance a definite age can he assigned to 
one portion of the rocks, for they contain Upi>er Cambrian fossils.'* Beneath these 
strata, and apparently in conformable setiuenee with them, lies a well-marked volcanic 
group which has been claimed as pre-Cambrian, but which may bo the equivalent of the 
volcanic scries (“Pebidiau,’* p. 896) found elsewhere at the base of the Cambrian system 
(p. 919). At the Lizard Point in Cornwall a series of eruptive and schistose rocks occurs, 
the true relations of which have not yet been fixed, but which are probably pre- 
Cambrian, They include coarse gneisses w’hicli rise as islets near the coast.® 

On the Continent of Europe numerous isolated areas of schists and other ancient 
rocks have been assigned to a pre-Camhriaii or Archcean series. In the older descriptions 
of these tracts uii order of succesision and measurements of thickness were often given, 
the foliation being assumed to represent consecutive layers of deposition. But we now 
know that, in the great majority of cases, the foliation is entirely independent of original 
structure, so that the former attempts to establish a stratigraphical order among the 
gneisses and schists, and to compare that order in different countries, cannot be 
accepted. All that can be essayed here is to give a summary of the general character 
of the most ancient rocks of each region referred to. 


1 tl. Phillips, “Geology of the Malvern Hills,” (M, tS'itrv, ii. Part 1. Holl, J. G, S, 
x-vi. p. 7:1. Ruiley, op. cU. xliii. (1887), p. 481. Callaway, p. 525 ; op. nL xlv. (1889), 
p. 475 ; .\lix. (1893), p. 398 ; Geoi. Mag, 1892, p. 545. T. Groom, op. cit, Iv. (1899), p. 
129 ; Iviii. (1902), p. 89. 

J. S xxxiii. (1877), p. 764 ; xxxiv. (1878), p. 199; xxxvi. (1880), j). 337 ; xlvii. 
(1891). p. 78 ; li. (1895), p. 24. 

® Ann. Jle^. Gi'd. ^wn\ for 1895, p. 5; for 1896, p. 10. The middle subdivision 
iuoludos some striking volcanic breccias and agglomerates. 

** Lapworth, Gid. Mug. (1886), p. 321. T. H. Waller, op. cit. p. 323. Rutley, p. 557. 
A. Stralian, Ged. Sun\ Miq)^ Sheet 63. 

® Bouney and Hudleston, <2. /. Q. S, xxxiii. (1877), p. 884 ; xxxvii. (1883), p. 1 ; xlvii. 
(1891), p. 464. 0. A. M'’Muhou, op. cit, xlv. (1889), p. 519. H. Fox and J, J, H. Teall, op. 
dt. xlix. (1893), p. 199. 
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ScandixLEtYia. esliibits tlie largest coutiiiuons tract of pre‘Cainl)riini rocks iu liiiirope.^ 
Although these rocks have been more or less minutely exaniiiietl throughout the whole 
extent of tho peninsula, and have been described in many ])apors and nieinoirs, the 
earlier published descriptions of them, though often excellent from the lithological point 
of view, were written before the revolution iu tho views of geologists regarding the com- 
plicated tectonics of regional inetamorphism, while these views since their iirunndg.da^n 
have been only bat partially applied to tho elncidation of tho true relations ami 
structure of the older rocks of the peninsula. Tliere can be no doubt that these rocks 
are a prolongation of those which farther to the south-west rise out of tho Atlantic in 
the Highlands of Scotland and the hills of the north and west of Ireland. And there 
seems every probability that the broad features of geological stnieturo which have 
been ascertained to prevail in tho British area will be found to extend also into Norway 
and Sweden.^ 

Wide tracts of western Norway consist of coarse-banded gneisses ((iriindfjeldet, 
Urberget), which present the closest resemblance to the Lewisian sei'i(‘H of Sutluirland and 
Ross, but with a wider range of potrographical divemity. They iiieliido ri‘d and grey 
gneisses, banded and streaked gi’unulitos, epidote-gneiss, cordiorite-gneiss, granites, 
syenites, gabbros, diorites, labradorite-rocks, garnet-rocks, amphibolites, perulotites, 
serpentines, &c. The general assemblage of these rocks suggests that they repniseiit a 
complex series of acid and basic eruptive masses. With tliom is intiinnlely associutud 
another group of rocks, of which conspicuous membei*s are quartzite, limestom*, mica- 
schist, quartz-schist, and others which, like those of Loch ilaree (p. 800), j>oint with 
more or less clearness to a sedimentary origin. This group is usunlly quite crystal lim*, 
and is certainly older than some portions of the gneisses which cun be seen Lo pierce it. 
It contains, however, bands of amphibolite, which may represent sills intnnbid between 
its component layers. Thus at Rukedal (Southern Norway) a mass, 8000 feet thick, of 
quartzite, quartz-schist, and iuterhedded scams of horiiblendc-schist, lies upon a group 
of hornblende-schists and grey gneiss traversed by abundant gi’anite veins. Thin luinds 
of limestone occasionally occur in the gneiss, os near Christiansaml, whore they bavt^ 
yielded many minerals, especially vesuvianite, coccolite, scupolite, i)hh)goi)ite, chtmdro- 
dite, and black spinel. Apatite with magnetite, titanifurous iron, lucmatitcs and ot.lier 
ores forms a marked feature of the Norwegian pre-Cambrian series. The most important 

^ In the older literature consult Keilhau, ‘Gaea Norveguja,* iii. (INfiO). KJ(*rulf, 

‘ Udsigt over det Sydlige Norges Geologi,’ Christiania, 1879 (translated into German by 
Gurlt, and published by Cohen, Bonn, 1880). A. E. Tomebohiu, “Die Sekwctliseheu 
Hochgebirge,” Bdvioed, AkacL^ Stockholm, 1873. “Das Urterritorium Schwedens,’' 

Jdfirh. 1874, p. 131. Karl Pettersen, “Geologiske Undersogelser inden Ti-omsd Amt,” ^e., 
Mrske Videmkah. vi. 44 ; vii. 261. For more recent work see Keusch's important 

monogi’aph on the fossiliferous crystalline schists of Bergen, ({noted on p. 785, also his 
instructive essay ‘Biimnielden og Kannden,’ 1888 ; his papers iu the * Atirbog for 1891 ’ of 
the Geological Survey of Norway (Mrgea (/eulot/inke Undemyehv) ; his “ Geologiske Tagtt^i- 
gelser fra Trondhjems Stift,” Ckristmnm Videnak ^Isk Forhmdl. 1891 ; and his paiujr on 
“Crystalline Schists of Westeni Norway,” QompL muL Couffrea. Oeol Inf mutt 1888 (1891), 
p. 192. T. Dahll, 0. A. Conieliussen, and H. Reusch, “Det iiortUige Norges getdogi,” 

Geolog. UTidersOg. 1892. C. H. Homan, “Selbu,” VmleMj, 1890. BWigger, 

op. cit No. 11, 1893. Tiirnebolim, Bature, 1888, p. 127, and various papers during ret'tmt 
years in the Qeol. Form. ForJmidl. Stockholm, especially vol. xiii. (1891), p. 37 ; xiv. (1892), 
p. 27 ; XV. (1893), p. 81 ; xvi. (1894), p, 661 ; xxiii. (1901), p. 206. P. J. Hohiuiuist, op. cit 
xxil pp. 72, 105, 151, 233 ; xxiii. p. 55 ; and St^rig. Geol. UndersUht. No. 185 (H^OO). 

3 As the result of two journeys in Norway between Bergen and Haijimerfest I was e.ouvinced 
of this general parallelism, but the deternunation of tho detailed stnitigraphy of the (.•ountry 
will be a task of incredible labour, demanding from tlie Scaudiuaviau geologists many years 
of patient application. 
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mineral masses iu au iiirlustrial sense are thick beds and lenticular jnasses of iron-ore 
(Daniiemora, Filipstad, &c.). 

Of obviously later date than the coarse gneisses with their accompaniments is another 
series of crystalline schists which spreads over vast tmcts of country in Scandinavia. 
Among these rooks mica-schists, phyllites, quartz-schists, clay-slates, quartzites, and 
schistose conglomerates are conspicuous, and indicate that a large proportion of the whole 
mass is probably of clastic origin. But there are also included chloritic and horableiide 
schists, amphibolites, gneisses, and many other rooks which were probably of eniptive 
origin, whether injected as sills or thrown out contemporaneously with the sedimentation 
of the schists as tutls and lavas. In many respects this important series of schists bears 
a close resemblance to the “younger gneiss” or Dalradian series of Scotland. But its 
actual stratigi’aphy has not yet been accurately elucidated. That some part of it may 
be pro-Oambriun seems sufficiently j)robable. But its true relations are complicated 
by the discovery of Siluiian fossils in some portions of the series, and by the apparent 
gradation of comparatively unaltered fossiliferous Silurian strata into the schistose 
condition. Dr. Haus Rcusch, as already pointed out (p. 798),’ has shown that among 
the crystalline schists to the south of Bergen bands of line mica-schist or phyllite with 
layers and nodules of limestone contain fossils probably of Upper Silurian age.^ 
Having had an o 2 )portuuity in 1889 of visiting the district, I have collected fossils from 
all the localities which ho eniunerates, and can entirely confirm the account which he 
gives of the thoroughly metamorphic character of tlxo rocks among which the fossiliferous 
bands occur. The phyllites are intercalated among white quartzites, quartzite con- 
glomerates, green schists, hornbleiidio and actinolitic schists and gneisses. But for the 
occurrence of the fossils, a geologist would naturally class the rocl^ as probably of pre- 
Cambriaii age. But the corals, graptolites, and other organic remains make it quite 
certain that the crystalline schists in which they occur underwent their great 
metamorphism not earlier than some part of the Silurian period. It will be an 
extremely difficult and laborious task to disentangle the complications of these FTor- 
w'cgian rocks, and to determine which are of lU’e-Cambriau and which of Paljcozoic age. 
Dr. lleusch, summing up what is known regarding the distiibution of fossils among these, 
strata, believes that a more or less continuous belt of Cainbnan and Silurian rocks, usually 
in ail extreiiiuly metamorphosed condition, can be traced along the axis of the Scandi- 
navian poiiiiisula from near Stavanger to the North Cape.*^ A group of red arkoses and 
sandstones, thousands of feet in thickness, known as Sparagmite, covers a wide extent of 
the hilly country in the heart of Norway to the north of Christiania. The resemblance 
of those rocks to the 'rorridonian series of Scotland is remarkably close. 

In Sweden a similar developiuciit of pro-Cambrian rocks may be ti*aced. TSvo 
broad subdivisions aimmg them have been recognised. The lower of these (Urberg) is 
groui»C(l into an older series of gneisses (iron-gneiss, banded gneiss, limestone, granite, 
&c.), ami a younger scries of poridiyries and hltlleflint-gucisses and granites. The 
U 2 )l)er section eonsists of more or less obviously sedimentary formations, divisible into 
two series : the Dalarniaii, composed more especially of reddish sandstones, shales, 
ami conglomerates (6000 feet), and the Seve, made up partly of arkose and sandstone, 

^ See the volume eltetl p. 785. The younger Scandinavian gneisses and schists which 
overlie Cambrian and Silurian fossiliferous strata are referred to on pp. 926, 970. De Geer 
has roconlod the occurrence of conglomerate among the “ Archnean” gneisses, quartzites, and 
schists of ycjinia in the south of Sweden, (JeoL Mrm. Stockholm, viii. (1886).p. 30 (traus. by 
F. Wahnscliaife, JK O. 6'. 1886, p. 271). Ninety-five per cent of its pebbles consist of 
grey quartzite, like the quartzite below (H. Biickstrom, Scensh, Akad, Handl. xxix. No. 4 
(1897), p. 23). Its composition rather suggests a hrecciation of the quartzite in sitif, than 
a true conglomerate. 

“ See his sketch-map of Scandinavia and Finland (Geologisk Kart over de Skondinaviske 
Laude og Finland), Christiania, 1890. 
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and partly of various crystalliue schists and limestone (Hedekalk of Sweden, Birikalk 
of Norway). The character of the sediiueutary pre-Cambrian and Palctiozoic formations 
of Scandinavia is strikingly different on the eastern and western aides of the peninsula. 
Possibly a land-barrier may from the beginning have separated the areas of deposit, 
thus giving rise to an original difference in the nature of the sediments. But, as already 
pointed out (p. 798), the western side of the region has been subjected to gigantic dis- 
turbance, displacement and regional metamorphism. The original clastic deposits of 
the Seve group have thus been converted into mica-schists, with some liornblendc-schists 
and garnetiferous gneisses. This altered form of the group covei’s a vast extent of the 
central fjelds, stretching as a broad band from Dalarne up to the nortbern parts of 
Sweden.^ 

Pre-Cambrian rocks cover most of Finland, where they present chanicters similar 
to those observed in Sweden. They have been well described by Sederliolm, who has 
given a stratigraphieal classification of them, and has especially called attention to 
some remarkable evidence of a sedimentary intercalation among them at Taminerfors. 
A conglomerate is there found to contain rounded and imrtially defonned pebbles of 
diorite, gmnite, syenite, porpbyrite, jdiyllite, and riuartzite. The variety of material of 
these stones and their obviously rouuded and water-worn forms distinguish them from 
those of a friction -breccia or crush- conglomerate. The matrix is schistose, and can 
sometimes hardly be distinguished from the pebbles enclosed in it.*** 

Central Europe. — From Scandinavia and Finland a great series of pre-Cimibrian 
crystalline schists stretches into the north-west of Eussia, reappearing in the north- 
east of that vast empu*e in Petchora Land down to the AVhite Sea, and rising in the 
nucleus of the chain of the Ural Mountains, and still farther south in Podolia. In 
Central Europe, similar rocks a})pear as islands in the midst of more recent fonnations. 
Among the Carpathian Mountains, they protrude at a number of points. Westwards 
of the centi'al portion of the Alpine chain they rise in a more continuous belt, and 
show numerous minei’alogical varieties, including gneiss, mica-schist, and many other 
schists, as well as limestone and serpentine.^ Some of these rooks are certainly altered 
sedimentary deposits, others are probably crushed igneous rocks. The protogino of tlie 
Alps has been shown by Michel L4vy to be intrusive. It behaves to the surrounding 
schists as some i)arts of the Laurentian gneiss of Canada do to the schists next to that 
rock. 


^ See A. B. Tomebohm’s papers in Oeol, Fiirm, StockhoLm, and in JSandL AkcuL Stock- 
holm, xxviii. No. 5, 1896; the Eeports of the Sveaig. Geol, Uiidet'sGkn. ; also Nathorst’s 
‘Sveriges Geologi,* 1894, and^oa^ea, pp. 925, 970. 

^ J. J. Sederholm, “ttber eine Arcliseische Sedimentformation iin westlicheii Finland,” 
Bull, C&m, GM, Finlaiude, No. 6, 1899. His classification of the Finland pre-C.'imbr!an 
formations will be found at p. 233 of this Memoir. Much information regarding thesis rocks 
is given in the maps and accompanying explanatory memoirs of the Geological Commi,ssioii 
under Mr. Sederholm’s direction, also in his papers in Tschermak's MiWml, xii. (1891), 
pp. 1, 97; Fennia, viii. No. 3 (1893); GeoL Foreu. Stockholm, xix. (1897), p. 20. TIio 
01)ermittweidn conglomerate among the mica-schists of Saxony is another well-known 
example (Sauer, ZeiUch, ges, Natmwiss, lii. 1879, p. 706. J. Roth, Sitzb, Akad, Wissemch. 
Berlin, xxviii. 1883; ‘Algem. u. Chem. Geologic.’ ii. p. 428. Hughes, Q, J, G, S, xliv. 

1888, p. 20). 

® A voluminous series of papers has been published on the crystalline schists and gneisscK 
of the Alps. Among these it is only possible here to cite a few : Zaccagna, Bol. Coin, Geol, 
Ital, xviii. (1887), p. 346 ; V. Novarese, qp. cU, 1896, No. 3 ; L. Mrazec, ‘ La protogine du 
Mont Blanc, &c.’ Geneva, 1892; L. Buparc and Mrazec’s “Massif du Mont Blanc,” Man, 
S>c, Fhys, Hist, Eat. Geneva, xxxiii. (1898), 2ud aud Srd parts ; Michel Ij4vy, B, S, G, F, 
1879 ; J. W. Gregory, Q, J, G, S. 1. (1894), p. 232 ; ‘Livi’et Guide du Congres Geol! 
Iiiternat,* Zurich, 1894. 
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* Pre-Cambrian rocks rise to the surface in a miniber of detached areas in France, 
particularly in Brittany, the Coteiitin, the central plateau,^ Morvan, Cevcnnes, tlie 
P}Tpneos, the Daupliiny Alps, and the Vosges. In Brittany they have been carefully 
studied by Dr. Barrois, who describes them as largely composed of mica-schists, passing 
Qften into gneiss and into quartzite, and including chlorite-schists, amphibolites, 
talcose and scricitic schists, serpentines, eclogites, and pyroxenites.” Extensive masses 
of granitoid and graiiulitic gneisses with mica-schists, amphibolites and other crystalline 
rocks form the foundation of the great central plateau of France. In Brittany, in the 
central plateau, as well as in other regions of France, thick masses of slates and pliyllitea 
have likewise been assigned to the pre-Cambrian scries. In the Cotentin they are re- 
presented by the “ Pliyllades de St. Lo” — a thick series of hard lustrous slates or 
jdiyllitoa, among which soipo disputed organic remains have been found (pi>. 877, 927). 
J^y other geologists, liowcvcr, these phyllitea are placed in the Cambrian system. They 
are named hy Professor BaiTois the “Brioverian system” (from Briovera, the ancient 
name of St. Lb), who separates them into three series : 1st, at the bottom the shales, 
phyllites, greywackes and cherts of St. LO and Lamballe ; 2nd, the shales, con- 
glomerates and limestone of Gourin ; and 3rd, the gi’een flags of Neant The base 
of the whole passes down insensibly into the crystalline schists below, and it is possible 
that these schists are really metamorxdiosed parts of the Brioverian series. In the 
absence of dctovniinato fossils it cannot at present be dechied whether the Brioverian 
are jire-Canibriaii or Cambrian. They are certainly covered unoonfomiably by un- 
fo.ssilifcrons conglomerates and slates which are not improbably Cambrian.^ 

A large area of ancient crystallino schists extends southward from Dresden through 
Bavaria and Bohemia between the valley of the Danube and the headwaters of the 
Elbe. Two wcll-nmrkod groups have been recognised — (a) red gneiss, containing pink 
orthoclase and a little white potash-mica, covered by (h) grey gneiss, containing white 
or grey felspar, niul abnmlant dark magnesia-mien. According to Giijnbel the former 
(calletl by him the Bojau gneiss) may be traced as a distinct formation associated with 
gmnilo, but with very few other kinds of crystalline or schistose rocks, while the latter 
(termed the Hereynian gneiss) consists of gneiss with abundant interstratifications of 
many other schistose rocks, gru})hitic limestone, and serpentine. The Hereynian gneiss 
is overlain hy mica-sehists, jihove which comes a vast mass of argillaceous sehists and 
shales. In Bohemia, these overlying ci-ystal line clay-slates and schists (*‘Ktage A” of 
Barrande) graduate ui)ward into undoubted clastic rocks known as the Przibram Schi.sts, 
unconfoi'inably over which (‘.ome conglomemtcs and sandstones lying at the base of 
the fossiliferous series.'* The same gradation occurs around the graiuilite tract of 
Saxony, whore the o\iter schists may be merely metamorphosed Paheozoic sedimentary 
rocks, '' 

In the central and eastern Pyrenees some pve-Oainbriau cores consist of masses of 
granitoid gneiss, with various chloritic and other schists and altered limestones. But 

* The schists of this region are discussed hy Mouret, Bi/f/, C(tde, Cvof, France, No. 72 

(IvSOO). 

'** Ann. Soc. OhJ. FtmL viii. x. xiv. xvi. 

•* Proc. OcoL Jwwer. 1899, p. 105. 

“* For descriptions of the pre-Clamhriau rocks of Saxony see tlreduer, Z. 1). 0. Q. 1877, 
p, 757 ; * Das Hibihsische Granulitgebirge,’ 1884. Lehmann, cited below. ‘■Erliiuter. Geol. 
Specialkart,” particularly sections Geringswalde, Geyer, tilauchau, Hohenstein, Penig, 
Jtochlitz, B<ihwarzonhcrg, Waldheim, Wioseiithal. Bavaria and Bohemia: Gumbel, 
' Goognostisehc Boschreibung des Ostbayerischen Grenzgebirges,’ Gotha, 1868. Jokely, Jahr. 
Ovol ReicliaansitiU, vl. ji. 355 ; viii. pp. 1, 516. Kalkowsky, * Dio Giieis.sformatiou des 
Eulengobirges* (Habilitationschrift), Leipzig, 1878 ; -Veites Jdhrh. 1880 (i.) p. 29. F. Katzer, 
'Geologie von Bdhmon,* 1892. Baden: ‘Erliiuter. Geol. Specitakart.’ 

® Lehmann, ^ Eutstelnmg der altkrystallinischen Schiefergeateine,’’lS84. 




902 


HTRATIGBAPHIGAL GEOLOGY 


IJOOK VT 


the most extensively’’ developed rocks are various phyllites 'svliich here aiul there have 
assumed a gneissose character from contact metainorphism.^ In Astmias and Galliciiij 
Barrois has investigated a groat series of schists regarded by him as pre-Oambiian, and 
divisible into two important groups — a lower, composed essentially of mica-schists, and 
an upper, consisting of green chloritoiis, amphibolitic, talcose, or micaceous schisttj, 
with subordinate bands of q^uaitzite, serpentine, and cipollino.- 

America. — In North America the pre-Cambrian roclcs, which cover an area cstinuitod 
at more than 2,000,000 square miles, from the Arctic Ocean southwards to the great 
lakes, have been studied in detail for a longer penod than those of any other region, and 
in many respects they may servo as the type with which those of other parts of the globe 
may be compared.*^ They w’ere first mapped and described by Logan and Murray in 
Canada, and were divided by these observers into two distinct divisions. The lower 
of these, named Laurejitiaii from its extensive development among the Laurentidc 
mountains, ■was described as consisting chiefly of coarse red, grey, and hiinded fel- 
spathic, liornblendic, micaceous, and pyroxenic gneisses with pegmatites, and included 
zones of limestone. The upper group, called Huronian from its exposures in the 
Lake Huron district, was recognised as being composed mainly of quartzites, felsites, 
diorites, diabases, syenites, various coai’se and fine fragmental volcanic rocks (agglo- 
merates and tuffs), clay -slates, and other bedded inateiials that i)ass into schists. 
Though the Huronian series w'as found along the line of junction to dip below the 
Laurentian, this ]>osition was believed to be due to distui'bnnce, no doubt being 

^ GaiTigou, J5. K G. F. i. (1S73), p. 418; Caralp, * Etudes Gcologiqnes .sur les Hants 
massifs des Pyrenees centrales,* Toulouse, 1888. 

3 Alin, >S^c. Gk>l Eord, ii. (1882). 

Out of the large amount of literature which has grown up coneeniing the pre-tiamhrian 
rocks of North America the following works may be cited: W. E, Logan, ‘Geology of 
Canada,’ 1863. Annval Reports of tlie Geolotjiatl Simrj/ of Canada^ particularly Afa*. 
Lawson’s Report on Rainy Lake in the vol. for 1887 ; and i^apers by Dr. Barlow and by 
F. D. Adams in vol. viu. (1896), in Jmim, (kul, i. (1893), p. 325, and in Jotmi, 

I. (1895), p. 58. Geolorjical and yatuml Uktory of Aflnnesota^ vol. ii., Geology, 

by N. H. Winchell and W. Upham, 1888, and Annual Reports since 1887. Gvofotjh'ol 

of Final Reports, vols. i. ii. iii. iv. by T. C. Chamberlin, K. D. Irving,. 

C. E. Wright, E. T. Sweet, T. C. Brooks, &c. Ueoloykal tSurvey of MiehitfaOi 1873 (T. 
Brooks), 1881, vol. iv. (C. Rominger), 1891-92, containing a sketch of the geology of the 
iron, gold, and copper di.stricts by M. E. Wadsworth. Second Geohyietd Sunry tf 
Pennsylvania, summary volume on Archman Rocks by J. P. Lesley, 1892, A nnwl Reporfs 
of the United States Qeologiccd Survey, especially the 6th and 7th, containing memoirs by 
R. D. Irving, the 10th containing a joint memoir hy R. D. Irving and 0. R. Van ilise, the 
14th ^vith one by MessTO. Walcott and ladings, the 16tli and 21 st with important essay.s by Va!i 
Hise, the 20th with papers by W. H. Weed and Pirsson ; also Monograph v., on the eo}>per- 
beoring rocks of Lake Superior by R. D. Irving ; xxix. by Emenson ; and kkxvU by Morgan 
Clements and H. L. Smith ; R. US, G, S, No. 23, T. C. Chamberlin andR. D. Irving; No. 
167 by Hall ; No. 159 by Emerson, R. Pumpelly and C. R. van Hise. Amer, Jonrn, Sn,, 
xliii. (.1892), p. 224. A. C. Lawson, Bull. GeoL i. (1890), pp. 163, 175 ; Bull! 

Geol. University, California, iii. No. 3, May 1902. A. Winchell, ii. OcoL Son, Amer, i. p. 357, 
ii. p. 85. N. H. Winchell. Pivc, Amir, Assoc, xxxiii. (1885) ; Ainei\ Geol, xv. and xvi, (1895)! 

J. D.'WTiituey and M. E. Wadsworth, “ The Azoic System,” Rvll. Mus, Comp, Zool, Harvard* 
1884. C. R. Van Hise, Amer. Jom\ Sci. xll (1891), p. 117 ; 16th Ann, Rep, U,S. </. >S’! 
1896, pp. 573-874 ; 21st Do. 1901, pp. 305-434. R. Pumpelly and C. R. Van Hise, Am, Jour, 
ScL xliii. (1892), p. 224. Tlie literature of Amencau pre-Camhrinu geology has been ex- 
haus'tively Collected by 0. R. Van Hise iii B, U.S, G. S, No. 86, ‘ Oori’elatioii PiqierH- - 
^olnean and Algonkian,’ 1892, and in a series of pniws in Jvimi, Geol, vols. i. ii. iii. and 
iv. continued by 0. K. Leith in subsequent volumes of the same journal. 
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entertained that the fonner series was the 3 'oun"er of the two. All these rocks lie 
beneath the undisturbed Potsdam sandstone of the Cambrian, system. 

Since the days of Logan, Murray, and Hunt, the gi*eat pioneers of American pre- 
Cambrian geology, the subject has been attacked by many able observers. The Geological 
purveys of Canada and the United States, as well as those of some of the States of the 
Union, particularly Michigan, Wisconsin, and Minnesota, have examined the rocks over 
many hundred square miles, and have published voluminous reports concerning them. 
Owing to the gi’eat diversity of character which prevails among the oldest crystalline 
rocks of this wide region, and also because many of the districts lie far apart and have 
been -worked out independently, considerable variety of nomenclature and diversity of 
view have arisen. At present it is hardly possible to reconcile these conflicting opinions, 
though there can be little doubt that before long a general concurrence will be arrived 
at regarding the main features of pre-Cambrian geology in this important region. 
Logan’s original “ Laui*entian ” series, often but incorrectly termed the “Pundamental 
complex,” covers by much the largest area of all the North American pre-Cambrian 
formations, and presents the greatest persistence of lithological character. It consists 
of an intricate aggi-egation of crystalline rocks, which are sometimes acid and massive, as 
granite and syenite, but generally show more or less marked foliation, so as to pass into 
coarse or granitoid gneisses or gneissoid granites. With these are intimately mixed up 
masses and bands of diorites and gabbros, which usually have a foliated structure and pass 
into true schists, as well as various schists, the origin of which is less certain. There can 
hardly now he any doubt that these various rocks are of igneous origin ; in many cases 
they can ho seen actually to cut across and send veins into each other. They have 
subsequently been aflected by intense dynamic action, whereby they have undergone 
internal reariangments ; their component minerals have often been crushed down, they 
have been squeezed into each other, crumpled up and compressed, and have acquired 
the general but iure(pral foliation which now characterises them. Logan thought he 
Could recognise an older and coamor series, which he ranked as “Lower Laurentian,” and 
a higher scries, composed largely of anorthosites or norites, and including more varied 
and highly foliated gneisses, schists, slates, and liinestones, which were regarded as 
“Upper Laurentian.” It was originally supposed that the whole of the rocks w'cre 
probably of sedimentary oxigin, but had undergone severe inetamorphism. 

More recent study of Logan’s typical district and of other paints of Canada has led 
to a considerable modiftcatiou of the views which ho adopted. The igneous origin of 
the so-called Lower Laurentian gneisses is now generally conceded. The anorthosites 
or norites of the upper subdivision have likewise been shown to be enormous protrusions 
of eruptive material which have invaded the schistose rocks among whiclx they lie. 
Those latter rooks, known as the Grenville series of Ontaxio, include varieties of gneiss and 
other schists which have been closely examined by Professor Adams, who has determined 
by chemical analysis the similarity of their composition to that of altered sediments. 
They are iiitcrstratified with quartzites and limestones in such a way as to make their 
original sedimentary origin highly probable. These various rooks are so intimately 
mingled with the erupted gneisses of the so-called “ Fundamental complex ” that they 
cannot bo separated in mapping. There appears to be reason to regard the Grenville 
serias as a more highly altered condition of the so-called “Hastings series,” near the 
city of Ottawa, which presents many points of lithological and stratigraphical resemblance 
to the “ Huronian ” rocks, originally mapped by Logan to the north and nox’th-east of 
Lake Huron.^ It thus appeal's that the Laurentian gneisses, instead of forming a 

1 P. D. Adams, Keues. JaJirh. Beilage Band viii. (1893) ; Jovrn. JSci. 1. (1895), p. 
58 ; iii. (1897), p. 173 ; xUm, Rep. Oml. Sm'v. Canada, Part i. vol. vill. (1896). 
A. P. Coleman, “The Huronian Question,” Amer. Geol xxix. (1902), p. 325. The anor- 
thosites of Lake Supeiior are discussed by N. H. Winchell and A, C. Lawson, Bull. (Jeol. 
SuTV. Minnesota, No. 8, 1893. 
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“ fundamental complex ” on wliicli tlie oldest sedimentary formations rojtose, arc really in 
pai*t at least younger than these formations, and have been actually intruded into and 
through them. It was proposed by the United States Geological Survey to reserve the 
term “Archfean” for all the essentially igneous rocks that underlie the pre-Cambrian 
sedimentary formations, and to embrace these sedimentary formations under the general 
designation of “Algonkian.” But we now know that the “Archaian” series includes 
various sedimentary intercalations, and that the “Algonkian” is actually pierced by 
portions of the “ Arclnean ” masses. Some revision of the nomenclature is thus necessary. 
At present it is not definitely known how much of the so-called Laurentinn or “funda- 
mental complex ” is older than the Huronian rocks. 

In Canada and the Lake Superior region of the United States the following groups 
of pre-Cambrian formations have been recognised in descending order beneath the oldest 
Cambrian strata there developed. 

Keweenawan (Nipigon of W. Ontario) consists of three iiiniii divisions, having a nnited 
thickness which varies up to 35,000, or according to Irving, even to 50,000 lect. 
At the base lies a band of gabbro. Above it comes the main group of the formation, 
consisting of a vast succession of lava-sheets which, in their liigher parts, l)ecome more 
interstratified with sandstones and conglomerates. The third group is composed 
of detrital material derived from the Avaste of the rocks below.^ The Keweenawan 
lies nnconformahly on the Animikie series. 

Animikie (Peuokee, Upper Menominee, Upper Marquette), mainly a Hodiinentary scries, 
consisting of a lower quartzite and an upper slate formation, with suhordinate beds 
of siderite and ferruginous chert. S' '» ' ■ ' r.nconforninhility nt the btisc of this 

series extends over a wide area aud, ■ v ja\\'*o!i, lll.■l'•kN ,! \;i^: interval of time, 

«oparn.ting the Huronian from all later periods.**^ 

Upnev Iluroi'ian (Upper KeeAvatiii, Lower Monommee, Lower Marquette), mainly a 
sedimentary series comprising limestones, quartzites, conglomerates, slates, &c. 
These strata are pierced by granites or gneisses, and lie iniconforinal>ly on the ohler 
monihers of the series with a conglomerate at the base. 

Lower Huronian (Lower Keewatin) composed largely of green schists with reeognisahle 
sediments, among wliieli are quartzites, sandstones, arkoses, jind congIomerat<'S, 
together with limestones and shales that pass into phyllites. Large bodies of voleanie 
rocks are included, consisting of greenstones and tulfs which have been alter(j<l into 
schists. An unconfonu ability occurs at the base of this series. 

Coiitchiching, characteristic rather of the west than of the east, consists of quavtz- 
hiotite-schists aud fine grey gneisses of remarkably \nuform eliarmiter. In tins 
Eastern districts of Canada the Hastings and Gi‘euville series above referred to are the 
oldest rocks to which a sedimentaiy origin can be assigned, 'fliey have been invailed 
by portions of the Laureutian gneisses, gi*aiiites, and anorthosites. 

Laurentiau (“Fundamental complex”). The rocks comprised uiid<‘r this luiim* may 
include the oldest masses of the continent. They arc of erujitive charaeter, and are 
certainly in part younger than the overlying formations l»elow the “ Kparehiean 
interval.” 

In the east of the Canadian region a large devciojmient of si‘.dim(‘ntary iloposits 
underlies the Cambrian formations, and, mainly through the hihours of Mr. 
G. F. Matthew, has been made to yield an interesting fauna. Tliese rocks, which have 
been variously considered as pre-Cambrian and as Canihrian, occur in Ncnv lininswiek, 
Cape Breton, and Newfoundland. In the last-named district they have hemi .sui>- 
divided by Mr. Walcott as follows : — 

1 C. R. Van Hise, E. U.S. G. K No. 85, 1892; 16th Ami. llqi. C.K O. X 1896. 
In illnatration of the differences of opinion among North American geologists as to the correla- 
tion of the pro-Cambrian rocks of the coutineut, see the scries of papa's by Professor 
N. H. Winchell in Amcr. Geul, vols. xv. and xvi., published in 1895; A. B. Wlllmott, 
Jovm. Gcol.x. (1902), p. 67; A. C. LaAvson, MU. (JenL Cuir. Vdn/nnih, iii. No 3 
(1902), p. 51. 

2 Eparehrean Interval,” in the ])aper last cited. 
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Random reddish and grey sandstones, with some shales and conglomerates, 

perhaps ........ 1000 feet 

Signal Hill red and grey sandstones, with a tliick conglomerate at the top. ^3120 „ 
Honmhle dark brown or blackish slates (St. John’s), with obscure organic 

remains ........ 2000 ,, 

Torbay green, purple, pinkish, or red slate.s, in frequent alternations : forms 

supposed to be Oldhamia^ found towards the top of the group . 3300 ,, 

Conception slate- conglomerate, slates (1660 feet) lying on diorites, quartzites, 

and jaspory bands and hard greenish slates (1800 feet) . . 2950 ,, 


12,370 feet 

At the top of the Random group lies a thin band of conglomemtic limestone, which 
is taken by Mr. Walcott as the base of the Cambrian system.^ 

Far to the west, in the heart of tho continent, pre-Cambrian rocks extend over a 
wide area in Montana (Belt Mountains), where they consist of shales and limestones, 
with some quartzite and sandstone at the base. They attain tho great thickness of 
12,000 feet, of which nearly 7000 feet are composed of shales in five principal gi’oups, 
with two massive limestones, the lower of which (Hewland Limestone) is 2000 feet and 
the higher (Helena) 2400 feet thick. In shales at a depth of 7700 feet from the top 
of the series four species of annelid trails have been found, with woiin burrows and 
thousands of ill-preserved crustacean fragments that appear to be early forms of merosto- 
mata.^ These strata are covered uncouformably by others of Middle Cambrian age. 
Again, in the Grand Canyon of the Colorado, a remarkable series of sti*ata, nearly 
12,000 feet thick, unconformably underlies a Middle Cambrian formation. It differs 
considerably in lithological character from that of Montana, presenting a much less 
development of limestone and a great predominance of sandstones, and including an 
interstratified zone of basaltic lavas, with intercalated sandstones, 800 feet in thickness. 
Traces of organisms have been detected in the upper (Chuar) division of this series. 
One of the.se, a stromatopora-like form, was doubtfully referred by Dawson to Giriipto^ 
toon, though he thought it might not be really organic. Some objects like discinoid 
shells have been described under the name of Gliuaria.^ 

From beneath the oldest sedimentary rocks, gneisses, and other crystalline masses 
like those of tho eastern States and Canada rise to the surface in the mountain chains 
throughout tho continent. Pre-Cambrian sediments appear in the Adirondack range.'* 

Africa. — Crystalline schists and gneisses, with granites and other massive crystalline 
rocks, cover a large part of this continent. They come to the surface in many wide 
districts from Egypt to tho Cape. From the first cataract of the Nile they stretch 
eastwards into the Arabian mountains and the peninsula of Sinai. They form the 
rugged platform which, stretcliing southward from the Nubian Desert, has been over- 
flowed by the lavas of Abyssinia, and sxtpports the gi’eat line of old volcanoes, of which 
Kilimanjaro and Mount Kenia arc the chief. Crossing Gorman East Africa and the 
British territories they swoop through tho westera tracts of Matabelo l^and, the 
Transvaal, and Bechuanaland to the north of Cape Colony.® They range along the 

^ i^/vw. WanhintjUm, AcmL i. (1900), p. 810. There is a differonce of opinion 
hotwoon this geologist and Mr. W. G, Matthew as to tho classiRcation of these rocks. The 
latter classes ns pre-Cambrian, under the name of “Btcliiniinian,” the older sedimentary rocks 
below a certain sandstone which, he thinks, lies at or near the horizon of Ohndlm (Trans, 
Ym'k Acad. ^ci. xiv. ]). 103). Mr. Walcott, on the other hand, carries the Cambrian 
down to tho top of tho Random group, and regards the “ Etchiminiau terraiie ” as Lower 
Cambrian. The Etchiminiau fossils are noticed p. 931. 

^ C. D, Walcott, liidl. Geol. Soc. Amer. x. (1899), pp. 201, 236. 

0. D. Walcott, ojp. dt. pp. 216, 282. 

•* J. F. Kemp, Proc. Amer. Assoc, xlix. (1900), Address to Geological Section. 

® E. Cohen, Xeues Johrh. 1874 ; A. Schenck, PeUrmann MitthdU xxxiv. (1888), p. 225 ; 
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west coast at a greater or less distance from the sea, mounting inland into the great 
central plateau. Some portions of them liave heen described in detail as developed in 
the Congo basin.^ They rise in isolated tracts of the Sahara and appear again in the 
core of the Atlas mountains. 

India. — In India, the oldest known rocks are gneisses which underlie the moat 
ancient Palreozoio foiTnations, and appear to belong to two periods. The older or 
Bundelkund gneiss is covered uncon formably by ceitaiu “transition” or “ submet a- 
morphic ” rocks, -which, as they approach the younger gneiss, become altered and inter- 
sected by gi’anitic intrusions. The younger or peninsular gneiss is therefore believed to be 
a metamorphic series unconfomiable to the older gneiss. In the western Himalayan chain 
there are likewise two gneisses — a central gneiss, probably Arclnean, and an upper gneiss 
formed by the metamorphism of older Palteozoic rocks into which it passes, and wdiich lie 
unconformably on the older gneiss and contain abundant fragments derived from it.^ 

China. — Pre-Oanibrian rocks are extensively developed in Norihern China, forming 
the fundamental masses round and over which the later rocks have been laid down. 
According to Kichthofen, the oldest portions of the series are mica-gneisses and gneiss- 
granites with hornblende-schists, mica-schists, &c., having an H.N.W. strike and steep 
inclination. Apparently of later date are some chlorite-gneisses and hornblende-gneisses 
with intercalations of mica-gneiss and granulite, hut without gneiss-granite, seen in 
north Tshili and north Shansi, and marked by a persistent W.S.W. and E.N.E. strike. 
These rocks are succeeded unconformably by a great series of gi’oups which may belong 
to distinct periods. They consist of mica-schists, ciystalline limestones, black quartz- 
ites,, hornblende-schists, coarse conglomerates, and gmeu schists. With some of those 
groups are associated granite, pegmatite, syenite, and diovite. The whole series luidor- 
went gi’eat plication and denudation before the deposition of tho older Pahcozoic fomia- 
tions (Sinisian).’* 

Japan. — The Abukuma plateau of Japan presents a copious development of am phi- 
bole- and biotite-gi’aiiites, both massive and schistose, gneiss-miea-schist, biotite-schists 
with ganiet or hornblende, titanite-amphibole-schists, quartz-schists, amphibolc-picrito 
and other crystalline masses, which have heen fully described by Professor Koto.*‘ 

Australa^. — In New Zealand crystalline schists cover an area of 8000 square miles. 
In the South Island the most ancient Palteozoic rocks are underlain by vast masses of 
crystalline foliated rooks traceable nearly continuously on tho west side of the main 
watershed. The geological relations of these masses have not yet heou satisfactorily 
defined, and it does not appear to he established whether any portions of them are 
undoubtedly pre-Camhrian. They are divided by Sir J. Hector into two scries, of 
which the lower consists of gneiss, granite, &c., with an overlying mass of homblendic, 
micaceous, and argillaceous schists (probably metamorphosed Devonian) ; while the 
upper consists of argillaceous slates and schists, which are regarded as probably altered 
Silurian or oven Carboniferous rocks.® In. Canterbury there is a central zone of 
micaceous, talcose, and graphitic schists, overlain by chlorite and hornblonde-achiata, 
and lastly by a qnartzitic zone interleaved with schists.” Cryatallino schists ainl 
gneisses form the rugged mountainous ground of south-western Otago. The centre of 


W. Gibson, Q. L O. S. xlviii. (1S92), p. 420 ; Trana, FctL Imt. Min. Ewjin. 1890. P. Jl. 
Hatch, Q. J. a, S. liv. (1898), p. 73. 

^ J. Comet, Ann. Soc, Belff. Ueol. xxiv. (1897), p. 25 ; Hull. aV. Behjc ac^il. xi, (1899), 
p. 311. 

® Medlicott and Blanford, ‘ Manual of Geologj” of India,* pp, xviii, x.Kvi, and Oldham in 
2nd edit, of same work, chap. ii. 

® Richthofen, ‘China,* n. 1882. 

^ Journ. Coll. Bn. Imp. XIniv. Tokyo, v. (1893), Part lii, 

® ‘ Handbook of New Zealand,’ by J. Hector, M.D., Wellington, 1883. 

® Haast’s ‘Geology of Canterbury,* p, 252. 
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this province is occupied hy a broad band of gently inclined mica-schists and slates. 
These rocks are the main gold-bearing series of Otago.^ 

Rocks assigned to an Arclirean age are believed to cover an area of perhaps 20,000 
square miles in Australia. They consist of gneiss, mica-schist, chlorite, or talc-schists, 
hornblende-schists, quartzites, conglomerates, micaceous red mudstones, marble limestone, 
hajmatite, ilmenite, and graphite. They have not been definitely recognised in Tictoria, 
New South Wales, Queensland, and the northern territory of South Australia, though 
some of the crystalline schists known in these regions may ultimately be referable to 
this part of the Geological Record. In South Australia they are developed on a large 
scale near Adelaide, and in the Mount Lofty range. At Ardrossan they are uncon- 
fonnably overlain by the Lower Cambrian Limestone. Archsean rocks appear in the 
Musgrave and Macdonnell ranges and in the Kimberley district of West Australia. - 
In Tasmania rocks assigned to the Archaean series cover large tracts on the west side 
of the island, and occur less abundantly in the north and east. They consist of gneiss, 
quartz-schists, mica-schists, talc-schists, chlorite-schists, siliceous conglomerates and 
breccias, with frequent subordinate bands of limestone, dolomite, serpentine, hsematite, 
magnetite, and otlier minerals. 


Part II. Pai.jiozoic. 

It has 1)6611 shown in the foregoing pages that though the stratified 
pre-Cambrian rocks are generally separated by an unconformability from 
fonnations of later age, such a break does not always occur, and that 
in its absence, no sharp line of division can be drawn by way of upward 
limit to the pre-Cambrian series. It is obvious that the physical con- 
ditions of sedimentation underwent no universal interruption at the 
close of pre-Cambrian time, but that these conditions, having ah-eady 
been established long before the Cambrian period, were continued in 
some regions into that period without a break, hloreover, it has now 
been ascertained beyond doubt that plant and animal life had already 
appeared upon the earth during pre-Caml)rian time. Hence the term 
Palseozoic, or Primary, which has hitherto been used to denote the 
older fossiliferous systems that terminate downward at the base of the 
Cambrian rocks is no longer strictly accurate, unless it is extended so as 
to include the very oldest strata in which organic remains have been 
found. Geologists have agreed to fix the, base of the Cambrian system 
at the OUnelktS‘Zone, already referred to. It, is quite evident, however, 
that at any moment a new series of fossils may be discovered below that 
horizon, and it will then be matter for consideration whether such a series 
should be included in the Cambrian fauna or be made the palasontological 
basis for the designation of a still older geological system. In the present 
meagre state of our knowledge regarding these ancient rocks, it seems the 
most prudent course to take in the meantime the platform of the Olenellus- 
zone, which has now been recognised in many parts of the globe, as the 
Cambrian basement, and to fix there provisionally the downward limit of 

^ Hutton’s ‘Geology of Otago,* p. 31. j 

Professor Edgeworth David, Presidential Address, Proc. Linn, /Sfoc. N. *9. Wale^y viii. 
(1894), p. 548. For the notices of Australian geology on this and subsequent pages I aiu 
much indebted to the lucid summary presented in this Address. 

® R. M, Johnstou, ‘Geology of Tasmania,’ 1888, p. 16. 
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the Palaeozoic series of systems. That series will thus include all the 
older sedimentary formations from the bottom of the Cambrian to the 
top of the Permian system. The strata embraced under the comprehen- 
sive designation of Palaeozoic consist mainly of sandy and muddy sediments 
with occasional intercalated zones or thick masses of limestone. They 
bear witness for the most part to comparatively shallow water and the 
proximity of land. Their frequent alternations of sandstone, shale, con- 
glomerate, and other detrital materials, their abundant rippled and sun- 
cracked surfaces, marked often with burrows and trails of woimis, as well 
as the prevalent character of their organic remains, show that they must 
generally have been deposited in areas of slow subsidence, bordering 
continental or insular masses of land. Their limestones and cherts may 
point to accumulation in deeper and cleai*er water. From the character 
of the organisms preserved in them, the Palaeozoic rocks, as far as the 
present e^ddence goes, may be groujped into two main divisions — an older 
and a newer: the former, or Silurian facies (from the base the 
Cambrian to the top of the Silurian system), distinguished more especially 
by the abundance of its gi’aptolitic, trilobitic, and l)rachiopodous fauna, 
and by the absence of vertebrate remains, save from the uppermost 
formations; the latter, or Carboniferous facies (from the top of the 
Silurian to the top of the Permian system), marked • by the number and 
variety of its fishes and amphibians, the absence of graptolites, the 
decreasing number of trilobites, and the increasing abundance of its 
cryptogamic terrestrial flora. 

Section i. Cambrian. 

§ 1. General Characters. 

In those regions of the world where the relations of the i)re- Cambrian 
to the oldest unmetamorphosed Palseozoic rocks are most clearly exposed 
and have been most carefully studied, it is seldom that any conformable 
passage can be traced between those two gi’eat rock-groups, though, as 
already stated, occasional examples of such a gradation occur. Jlore 
usually a marked unconformability and strong lithological contrast ha^'e 
been observed between the two series, the younger frequently abounding 
in pebbles derived from the waste of the older. Such a break points to 
the lapse of a vast interval of time during which the pre-Cambrian rocks, 
after suffering much crumpling and metamorphism, were ridged up into 
land and were then laid open to prolonged denudation. Those changes 
seem to have been more especially prevalent in the northern part of the 
northern hemisphere. At all events, there is evidence of extensive up- 
heaval of land in the north-west of Europe and across the northern tracts 
of North America and Northern China ^ prior to the deposit of the earliest 

^ The vast erosion of the pre-Palaozoic land is nowhere more impressively shown than in 
Northern China, where, os Kichthofen has pointed ont, the oldest gneisses are sunn omit (mI 
by thousands of feet of sedimentary material (Sinisiau formation), in the uppermost parts of 
which Primordial fossils are foiinrl. ‘ China,* vol. ii. 
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remaining portions of the Paleeozoic formations. These strata, indeed, 
were derived from the degradation of that northern land, the extent and 
height of which may be in some measure realised from the enormous 
piles of sedimentary rock which have been formed out of its waste. To 
this day, much of the land in the boreal tracts of the northern hemisphere 
still consists of pre-Cambrian gneiss. We cannot affirm that the primeval 
northern land was lofty; but, if it was not, it must have been subjected 
to repeated renewals of elevation, to compensate for the loss of height 
which it suffered in the denudation that provided material for the deep 
masses of Palieozoic sedimentaiy rock. 

The earliest connected suite of deposits in the Palaeozoic series re- 
ceived the name “ Cambrian’' from Sedgwick, who with great skill un- 
ravelled the stratigraphy of the most ancient sedimentary rocks of iS^orth 
Wales (Cambi-ia). When the peculiar brachiopodous and trilobitic fauna 
of Murchison’s Silmian system was found to descend into these rocks, the 
term Primordial Zone or Primordial Silui‘ian was applied to them by 
Barrande in Bohemia. For many years, however, they yielded so few 
fossils that their place as a distinct section of the geological record was 
disputed. Eventually by the labours of Barrande in Bohemia ; Hicks 
in South Wales ; Brogger, Linnarsson, and others in Scandinavia ; Schmidt 
in the Baltic provinces of Eussia ; Billings, Matthew, W^alcott, and others 
in Canada and the United States, as well as various workers in other 
counti'ies — such a distinctive fauna has been brought to light as serves to 
chamcterise a series of deposits at the base of the Paleeozoic formations. 
This assemblage of fossils, Barrande's first or Primordial fauna, is now by 
Common consent more commonly known as Cambrian. The use of the 
teiTus Cambrian and Silurian vrill be more fully referred to in later 
pages. 

Books. — The rocks of the Cambrian system present considemble 
uniformity of lithological character over the globe. They consist of grey 
and reddish grits or greywackes, quartzites, and conglomei*ates, with 
shales, slates, phyllitos, or schists, and sometimes thick masses of lime- 
stone. Their false-bedding, ripple-marks, and sun-cracks indicate deposit 
in shallow water and occasional exposure of littoral smiaces to desiccation. 
The limestones and cherts arc doubtless the memorials of deeper seas where 
mechaiiiciil sediments ceased to bo deposited. Nodules and layers of 
phosphate of lime are found among the shales and limestones both in 
Europe and in North America.^ Sir A. C. Eamsay suggested that the non- 
fossiliferous red strata may have been laid down in inland basins, 
and he speculated upon the probability even of glacial action in Cambrian 
time in Biitain.‘^ As might be expected from their high antiquity, and 
consequent exposure to the terrestrial changes of a long succession of 
geological periods, Cambrian rocks are usually much disturbed. They 

^ See papers by H. Hedstrom, Geol FSren. Stockhohn, xviii. (1897), pp. 660-020, aiid 
aiitborities there cited ; also J. G. Anderssou, Bull, Oeol, Imt. U;psaJa, it Port ii (1896), 
aixd Ocol, FOreu, StocktiUm, xlx. p. 246. 

^ /. G, S, xxvii. (1871), p. 260 ; Proc, Roy, Soc, xxiii. (1874), p. 334 ; Brit, Amc, 

1880, Presidential Address. 
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have often been thrown into plications, dislocated, placed on end, cleaved 
and metamorphosed. In some regions they contain clear evidence of 
contemporaneous volcanic action. Thus in Wales they include towards 
their base an interesting group of felsitic and diabase-tuffs, and oli\dne- 
diabase lavas, through which eruptive acid rocks (granite, quartz-felsite, 
&c.) have risen. 

Life. — Much interest necessarily attaches to Cambrian fossils, for 
excepting the few and obscure organic remains obtained from pre- 
Cambrian stmta, they are the oldest assemblage of organisms yet known. 
They form no doubt only a meagi*e representation of the fauna of which 
they Avere once a h^dng part. One of the first reflections which they sug- 
gest is that they present far too varied and highly organised a suite of 
organisms to allow us for a moment to suppose that they indicate the 
first fauna of our earth’^ surface. Unquestionably they must have had 
a long series of ancestors, though of these still earlier forms such slight 
traces have yet been recovered.^ Thus, at the very outset of his study 
of stratigraphical geology, the observer is confronted with a proof of 
the imperfection of the geological record. AVhen he begins the ex- 
amination of the Cambrian fauna, so far as it has been preserved, 
he at once encounters further evidence of imperfection. Whole tribes 
of animals, which almost certainly were represented in Cambrian 
seas, have entirely disappeared, while those of which remains have 
been preserved belong to different and widely separated divisions of 
invertebrate life. 

The prevailing absence of limestones from the Cambrian deposits of 
Western Europe, except in N.W. Scotland, is accompanied by a scarcity of 
the foraminifera, corals, and other calcareous organisms which abound 
in the limestones of the next great geological series.^ The character 
of the general sandy and muddy sediment must have determined the 
distribution of life on the floor of the Cambrian sea in that region, and doubt- 
less has also affected the extent of the final preservation of the organisms 
actually entombed. In North America, on the other hand, where thick 
sheets of Cambrian limestone occur, the conditions of sedimentation have 
been far more favourable for the preservation of organic forms ; hence the 
known Cambrian fauna of this region exceeds in numencal value that of 
Europe. 

The plants of the Cambrian period have been scarcely at all preserved. 
No vestige of any land plant of this age has yet been detected. That 
the sea then possessed its searweeds, can hardly be doubted, and various 
fucoid-like markings on slates and sandstones {e,g. the so-called fucoids 
of the “ fucoid-beds ” of N.W- Scotland, and of the “fucoidal sandstone” 
of Scandinavia) have been referred to the vegetable kingdom. The 

^ Richthofen has suggested that in China possibly some of the deep parts of his “Sinisian ** 
formation (which in its higher parts yields Primoi-dial fossUs) may yet reveaJ traces of still 
older faunas. 

^ In the Baltic basin some bands of limestone occur in the comparatively thin series of 
Oambmn sti-ata. In Scotland the Cambrian system includes some 1500 feet of dolomite and 
limestone. 
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geniis Eophjtmi'^ from Sweden, Fhycodes from the “ Phyeoidenschiefer ” of 
the Fichtelgebirge and other forms from the Potsdam sandstone of North 
America, have been described as 
plants. There seems to be little 
doubt, however, that of these various 
markings some are tracks, probably 
of worms, others are worm -casts, 
while some are merely imitative 
winkles and markings of inorganic 
origin.- It is not certain that any 
of them are truly plants. Some 
branched filamentous forms fomid in 
the Cambrian limestone of Sardinia 
have been described as confervoid 
algiB.^ What has been regarded as 
an undoubted organism occurs in 
abundance in the Cambrian rocks of 
the south-east of Ireland, and is named 
Oldhamia (Fig. 37 4). For many years 
it was considered to be a sertularian 
isoophyte, subsequently it was referred 
to the calcareous algie ; but its true 
grade seems still uncertain.*^ 

Among the animal organisms of 
the Camtoian rocks some of the 
simplest forms yet detected are 
radiolaria (Sphteroidea). Lithistid 
sponges are present in Arclunoscf/pMa and Nipterellu ; and hexactinellids in 
Frotospongia^ (Fig. 374). No calcareous foms are yet known in this 
ancient formation. The hydrozoa appear chiefly in the earliest forms of the 
tribe of graptolites which played such an important part in Silurian time. 
Didyotjnvptm {Ekiumrim) is one of the most characteristic fossils of the 
pnmordial zone of Scandinavia. It is found also in Central Europe, Britain 
and North America. The St. John group of New Bmnswick, which 
is referred to the upper part of the Cambrian system, likewise contains 
representatives of the Dichograptidfe and Callograptidae. Crists regarded 
as those left by medusoe on the soft mud by the sea-shore were noticed 

1 See G. J. Hiude, OW. Maff. 1886, p. 337; the “fucoids** of the fucoid-heds” of 
N.W. Scotland are undoubtedly worm-casts. 

See A. G. Nathorst’s essay, “Nouvelles observations sur des traces d’Auimaux, &c/* 
4to, Stockholm, 1886. See note, p. 936. 

^ J. G. Bornemann, JVw. Act Ami, Otvs, Leap, Owt, Ivi. 1891. 

* Its claim to be considered oi’ganic has even been disputed, but from the manner in 
which it occurs on successive thin laminte of deposit I cannot doubt that it is reaUy of 
organic origin. The latest discussion of the subject by Professor SoUas will be found in 
Q, J, G, a, Ivi. (1900), p. 278. He has no doubt of its organic origin, but cannot definitely 
say whether it was a plant or an animal. 

® For a description of the character of this earliest sponge, see Sollas, Q, J, G, a:x.xvi. 

(1880), p. 862. 



by Lapworth, the characteriHtic genus of tlie 
lowest Cambnuii stmia (i^). 
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by Dr. JSTathorst in 1881 as occurring in the Lower Cambrian rocks of 
Scandinavia. Since that time Mr. Walcott has brought to light a 
remarkable series of well-preserved casts in the Middle Cambrian forma- 
tions of Alabama. Those in the lower subdivision are refeiTed to two 
genera, Medtisina and Dactyloidites^ and those in the middle gi'oup to 
Laotini and Brooksella. The forms of these perishable organisms have 
been singularly well preserved in the fine sediment, and a series of casts 
of modern Medusse in plaster of Pai'is has illustrated in a striking manner 



Fig. 373.— Group of Oauibriaii Trilobites.i 

1, Olerius Impar, Salt, (enlarged); 2, Paradoxidea DavUllK, Balt. (^); 3, Conoe(;rypho (10 WilliiimNonl, 
Belt.; 4, EUipsocephalus Hoftt, Schloth. ; 5, AgnontuH triseclimV Halt, (unlargcd) ; 0, MimvliK<‘US 
aciUptiiH, HickH (eiiliirged) ; 7, AgnoHtiiH I3arlowIi, Belt, (enlargod); 8, KrluiiyH vinmloHu, Salt.; 
0, Plubonidoa Sedgwickil, Hicks; 10, Aguostus cttiiibreusis, Hicks (an«l enlarged); 11, Dikclo- 
ceplialus cultioiis, Salt. 


the process of fossilisation.^ The Actinozoa of the Cambrian period occur 
in a number of early types of corals which include the family of 
ArchseocyathidsB {Archmoct/aiMci^,^ Tjlhuioiilnjlhim^ SpirocyaihuH^ Proio’phardm, 
&c.). The Echinodermata are represented by crinoids {DendroGnnuHfjy 
cystideans {Protocystites or Protomjdis^ Fig, 374, Eocystifes or Jiocysfl% Mam)- 
cystella, Lichenoides, Trochocystites, and other doubtful genera) and stttr-fishcH 
{Pdsmtermi, Fig. 375). The crinoids reached their culmination in a 

* Where not otherwise stated the figures are of the natural shse. 
a Walcott, Moiu U.H. G. S. No. xxx. (1898). 

» Hinde, Q. J. G. S. xlv. (1889), p. 12.'!. 
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variety of forms during Palaeozoic time. Though still enormously abun- 
dant in indmduals on some parts of the present sea-floor, they are but 
poorly represented there compared with the profusion of their genera and 
species in the earlier periods of the earth’s history. Palaeozoic crinoids 
w’ere distinguished by the vaulted arrangement of accurately fitting 
plates, by which their viscera were completely enclosed, after the manner 
of the sea-urchins. The extinct class of cystideans, so named from the 
bag-like form in which the polygonal plates enclosing them are arranged, 
appear first in Cambrian stiata and reach their highest development in 



874,— -Group of Cambrian Fossils. 

1, Arenicolitea (Arexiicola) didymua, Balt. ; 2, Oldliamia antiqua, Forbes ; 3, Hyolithes corrugatua, Salt.'; 
4, Protocystites (Protocystia) raenevensiH, Hicks (f>; C, Protospongla fenestrata, Salt, (and en- 
larged ; 6, DiBciua pileolus, Hicks <and enlarged) ; 7, Obolella maculata, Hicks. 

the lower half of the Silurian system, above which they rapidly 
diminish, until they disappear in the Carboniferous formations. 

That Annelids existed during the Cambrian period is shown by their 
frequent trails and burrows {ArenicoUtes or Armieola, Fig. 374, Cmimna, 
Scolitlim, Flanolites, &c.), and also possibly by the microscopic objects (cono- 
donts) described by Pander from the Cambrian Blue Clay of Noi-thern 
Russia, and believed by him to be fish-teeth, but regarded by Zittel and 
others as more probably those of free-swimming worms. But the most 
abundantly preserved forms of life are Crustacea, chiefly belonging to the 
extinct order of Trilobites (Figs. 372, 373). It is a suggestive fact that 
these organisms appear even here, as it were, on the very threshold of 
authentic biological history, to have reached their full structural develop- 
VOL. II P 
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meiit. Some of them, indeed, were of dimensions scarcely ever aftenvards 
equalled, and already presented great variety of form. Individuals of 
the species Faradoxides Faridis are sometimes nearly two feet long. But 
vdth. these giants were mingled other types of diminutive size. It is 
noteworthy also, as Dr. Hicks has pointed out, that while the tnloLites 
had attained their maximum size at this early peiiod, the}^ wore 
represented by genera indicative of almost every stage of development, 



Big. 375.— Group of Cttinbilttn BosMiK 

1, Orthoceras? sericeum, 2, PaWeriua lamfleyonsiH, Ilicks ; 3, ningulolln Duvlsii, Mca»y; 
^ Conulana Hoinfraji, ^It. ; 6, Ortliis CJaraiwIi, Hiilt; I^ollerophou arfoiioimiH. Hull. ; T.^ulwureu 

veimlcaiido. Halt, (an-l m.latwid); 8. 


from the little Jgmsius with two rings in the thorax, and Mwmliscus 
with foim. UiErmmjs with twenty-four.” (W.,.,rnri/j,h,-, J,pwistus, UMm, 
Farmoxuies, Oknm, and many other Cambrian trilobites appear to bo 
without eyes. In other genera {ArwndM [Agrmdos], 

^ The recent researches of LiuOstrom on the visnol organs of triloWtes {K. ffeciiKh 1V<. 
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&c.) the eyes are so imperfectly shown that they were long unrecognised. 
With these forms were associated others having large eyes.^ In the lower 
portions of the system the genera Olenellm (Fig. 372), Olenelloides, and 
Kolmia are specially distinctive. Other chai'acteristic Cambrian genera 
(Fig. 373) besides those already mentioned are Flutonides, Aiiomoaire, 
Fij/chojparia, Soleiwpleimij Dikeloceinhaliu^ OleJiws, Fardbolim^ Feltura, 
Eurycare^ SjikmrophtJiahnus, Olenoides, Liostraciis^ and Anopolenm, Phyllo- 
carid crustaceans like\vise occur {Hymemairis, Fig. 375, Lingulocaris), 
and there are representatives of the ostracods {Fnmitia, Entomidella). 

In striking contrast to the thoroughly Palaeozoic and long extinct 
order of trilobites, the Brachiopods appear in numerous genera of the 
simple non-articulated forms which are still familiar in the living world. 
Of the foui‘ orders into w^hich they are divided, the first (Atremata) is well 
represented by Iphidea (Faterina), Obolus, OholeUa (Fig. 374), Fhinohohi.% 
Liugnlella (Fig. 375), and Lingidepis. The Neotremata muster largely in 
the geneva. Acrotreta, Acrothele, Linnarssonia, TrematoholiLS, and 

Discinolepis. The articulate orders were likewise represented : the Pro- 
tremata by Kutorgina, Billingsella, Leptella, Orthis ; the Telotremata by 
primitive forms of 

True -mollusks were likemse present in the Cambrian seas, though 
their remains have only been sparingly preserved. The Lamellibranchs 
or pelecypods (Fig. 375) appear to be represented by Modioloides and 
other genera, perhaps also by Fmlilla^ w^hich if not a cmstacean like 
Estheria is the oldest known bivalve. The Gasteropods have been 
more abundantly preserved. They include the archaic Scmella (the 
earliest limpets), Stenotheca, Fhtyceras, Ehaplmtoim, Fleurotoimria, Ophileta, 
Maclurea, 'Trochonema, and SubuIUes, The Pteropods may be repre- 
sented by species of Torelklki, Hyolithdlus, Salterella^ ColeolnSy Coleoloides, 
and Ilyolithes (Fig. 374). Two genera of nautiloid Cephalopods, Ortlio- 
ceras (Fig. 375) and CyrtoccruSy have been desciibed from Upper Cambrian 
(Tremadoc) strata, but doubt has been cast upon some alleged Cambrian 
forms. 

Taking palreontological characters as a guide in classification, and 
especially the distribution of the trilobites, geologists have grouped the 
Cambrian rocks in three divisions — ^the lower or Olenellus group, the 
middle or Paradoxidian, and the upper or Olenidian. 


§ 2. Local Development. 

Britain. “ — Tho area of Britain in which the fullest development of the oldest known 
Palieozoic rocks has yet been found is tho principality of Wales. The rocks are there 

Akad. x.\*xiv. 1901) indicate that the eye-like ridge which occurs in many genera was not a 
true eye. 

^ Q. J, CV. S, xxviii. p. 174. 

® See Sedgwick’s Memoirs in Q. J, vols. i. ii. iv. viii., and his ‘Synopsis of the 
Classification of the British Paiteozoic Rocks,’ 4to, 1865 ; Murchison’s ‘ Silurian System ’ and 
^Siluria’ ; Salter’s ‘Cat. of Cambrian and Silurian Fossils,’ with preface by Sedgwick, 1873 ; 
llamsay’s ‘North Wales,’ QeohyM Survey Memoirs, vol. iii. ; and papers by Salter, 
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of great thickness (12,000 feet or more), they have yielded a fauna which, though 
somewhat scanty, is sufficient for purposes of stratigraphical correlation, and they 
possess additional importance from the fact that they were tlie first strata of sucli 
antiquity to be worked out stratigraphieally and paloeontologlcally. As already stated, 
they were called Cambrian by Sedgwick, from their extensive development in North 
Wales (Cambi*ia). where he originally studied them. Their true base is nowhere seem 
Professor Hughes, Dr. Hicks, Professor Bonney and others believe that a oonglomerate 
and gi*it generally mark the base of the Cambrian series.^ According to Sir A. C. 
Ramsay, on the other hand, the base of the Caiubnan series is either concealed by over- 
lying formations or by the nietatnorphism which, in his opinion, has convei-tod portions 
of the Cambrian series into various crystalline rocks. Both in Pembrokeshire and 
Carnarvonshire the lowest visible slates, shales, and sandstones are intercalated with 
and pass down into a volcanic series (felsites, diabases, and tuffs), the base of which has 
not been found. In certain localities, as in Anglesey, Cambrian stinbi arc seen to lie ini- 
conformably on pre-Cambiian schists, and there not only the basement volcanic group but 
some of the lowest members of the fossiliferous series are wanting. There is then not 
only an unconformable junction, but an overlap. 

Starting from the volcanic group at the base, the geologist can trace an U])vvard 
succession through thousands of feet of grits and slates into the Silurian system, 
Considerable diversity of opinion has existed as to the line where the up]>er limit of the 
Cambrian division should be drawn. Murchison contended that this lino should bo 
placed below strata where a tiilobitic and brachiopodous fauna begins, and tlnii, the.se 
strata cannot be separated from the overlying Silurian system. He thoreforo imdiidiul 
as Cambrian only the barren giits and slates of Harlech, Llauboria, and the LongmymL 
Sedgwick, on the other hand, insisted on canying the line up to the base of the Upper 
Silurian rocks. He thus left these rocks as alone constituting the Silurian system, and 
maasetl all the Lower Silurian rocks in his Cambrian system. MuvehiKon worked out 
the stratigraphical order of succession from above, chiefly by help of organic remains. 
He advanced from where the superposition of the rocks is clear and undoubted, and for 
the first time iu the history of geology, ascertained that the ** Transition-rocks " of the 
older geologists could be arranged into zones by means of characteristic fos-sils, as satis- 
factorily as the Secondary formations had been classified in a similar manner by William 
Smith. Year by year, as he found his Silurian types of life descend farther and 
farther into lower deposits, he xmshed backwwd the limits of his Silurian system. In 
this he was supported by the general' consent of geologists and paheontologists all t)V(T 
the world. Sedgwick, on the other hand, attacked the problem rather from tlui sitle 
of stratigi-aphy and geological structure. Though he had collected fossils from many of 
the rocks of which be had made out the true order of succession in North Wales, luv 
allowed them to lie for years unexamined. Meanwhile Murchison had studic<l the pro- 
longations of some of the same rocks into South Wales, and had obtained from them the 
copious suite of organic remains which characterised his Lower Silurian formations. 
Similar fossils were found abundantly on the continent of Europe and iu America. 
Naturally the classification proposed by Murchison was generally adopted. As lie 
included in his Silurian system the oldest rocks then kimwn to contain a distincaivo 
fauna of trilobites and braohiopods, the earliest fossiliferous rocks were everywhere 
classed as Silurian. The name Cambrian was regarded by geologists of otluu* eomitries 

Harkness, Hicks, Hughes, Lapworth, Groom, and others in the q. /. (K 8. and iie,oL 
to some of which reference is made below. J. E. Morr, in his ‘ ClasHifleatiou of the Cambrian 
and Siluiian Rocks,* gives a bibliography of the subject up to 1883. nie geographical 
extension and development of the Cambrian system over the Old and Now Worlds is tliscuK.scd 
by F. Freeh, Compt, r&iui, Coiigris QCd, Jutermt, St, Petorsbourg (1899), 127. 

1 Q. /. G. S. xxxiv. p. 144 ; xl. (1884), p. 187. For refeteuciis to the Uteroture of tho 
subject see the same Journal, xlvii. (1891), Ann. Address, p. 90 seq. 
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as the designation of a British series of more ancient deposits not characterised by 
peculiar organic remains, and therefore not capable of being elsewhere satisfactorily 
recognised. As above stated, Barrande, investigating the most ancient fossiliferous 
rocks of Bohemia, distinguished by the name of the “Primordial Zone” a group of 
strata forming the lowest member of the Silurian system, and containing a peculiar 
and characteristic suite of trilobites. Murchison adopted the term, gi-ouping under it 
the lowest dark slates which in Wales and the border English counties contained some 
of the same early forms of life. 

Subsequent investigations, by the late Mr. Salter and Dr. Hicks, brought to light, 
from the Primordial rocks of Wales, a much more numerous fauna than they were 
supposed to ])ossoss, and one in some degree distinct from that in the undoubted Lower 
Silurian rocks. Thus the question of the proper base of the Silurian system was re- 
opened, and much controversy aro.se as to the respective limits and relative stratigraphical 
value of the formations to be included under the designations Cambrian and Silurian. 
No such marked break, either paljeontological or stratigi'aphical, had been found as to 
afford a clear line of division between two distinct “systems.” Those who followed 
Murchison contended that even if the line of division were drawn at the upper limits 
reached by the primordial fauna, the Cambrian could not be considered to he a system 
as well defined and important as the Silurian, but that it ought rather to be regarded as 
the lower member of one great system comprising the primordial, and the second and 
third faunas, so admii'ably worked out by Barrande in Bohemia. To this system they 
maintained that the name Silurian, in accordance witli priority and justice, should be 
assigned. Unfortunately a disagreement, which was not settled during the lifetime of 
Sedgwick and Murchison, bequeathed a dispute in which personal feeling played a laige 
part. And though the fires of controversy have died out, it cannot he said that the 
questions in debate have been left on a satisfactory footing. There was a tendency 
towards a general agreement that the name Cambrian should be assigned to the strata 
containing Barrando's primordial fauna as far up as the top of the Tremadoc slates of 
Wale.«i, when in 1879 Professor Lapworfch proposed, as a compromise between the two 
views, that the lower half of Murchison’s Sihirian system, which Sedgwick had claimed 
as Cambrian, should he detached from both and erected into a distinct system under 
the name “Ordovician,” the teim “Silurian” being restricted to the uppermost 
formations of the series. This proposal, which was honestly intended to obviate con- 
fusion and to promote the progress of the science, was, in my opinion, especially unjust 
to Murchison, The divi.siou of “Lower Silurian” had the claim not only of priority, 
but of having had its compoueiit members defined by the author of the Silurian system 
in the early year,s of his investigation, and accepted by geologists all over the world. 
The primordial fauna which Barrande ha<l shown to underlie the Lower Silurian rocks 
of Bolieinia was hardly known to exist in Britain during Murchison’s life, and certainly 
\vas not then ascertained to have the stratigi’aphical significance and wide geographical 
diffusion which have now been proved. It had come to be univei-sally admitted that 
this fauna marks a distinct section of the geological x’ecord to which by common consent 
the immc Canibriau had now been appropriated. The upper limit of this fauna having 
been generally recognised, it was not a question of fact but of nomenclature which was 
involved. To wipe out Murchison’s accepted designation from half of the system 
which ho was the first to define and describe, is a change quite unwarranted by any 
discoveries that have been made since his time. On the plea of “convenience” the 
term Silurian has by some writers been removed even from the remaining poi-tion of 
the original system of Murchison, w'hose designation, so long one of the classic terms 
in stratigra])hy, is thus expunged from the geological record. It is hardly possible to 
protest too strongly against this procedure. 

These changes of nomenclature are unjustifiable even on the plea of convenience. 
If confusion has arisen in the use of terms, it should he removed in some less drastic 
fashion tlian by excising terms which have become inseparably interwoven with geological 
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liteititure. TJie changes, moreover, are retrograde in character and contrary to palaeonto- 
logical evidence furnished bj’’ the rocks themselves. In previous editions of this text- 
book I have contended that the most natural and logical classification is to gi’oup 
Barrande’a three faunas as one system, which in accordance with the laws of ])riority and 
obvious justice should he called Silurian. The paleeontological reasons for this arrange- 
ment w’ere so cogent to Murchison’s mind that he strenuously insisted on the unity of 
his “Silurian system.” Since then the arguments that appealed so forcibly to his 
mind have been greatly strengthened by the continued advance of our knowledge, ainl in 
no respect more than by the researches of Professor Lapw'orth himself. That graptolitos 
are organisms thoroughly typical of his Silurian system was fully recognised by 
Murchison,^ but he was unaware how valuable they would become as indications of life- 
zones thi’oughout the whole of that system from bottom to top, and how' in this way 
by fresh detailed proof they would serve to link the whole of the sedimentary deposits 
in which they occur as the records of one great biological era, at the end of which they 
disappeared.® 

After the first edition of this work was written, in which the future merging of 
Cambrian and Silurian into one great system was regarded as probable, the father of 
French stratigi’aphical geology, the late distinguished Heboit, thus expressed himself: 
“ I adopt tlie opinion of M. Barrande, based as it was on such thorough and prolonged 
research, that there is one common character in his three first faunas which unites 
them into one great whole. To these faunas and the beds containing them I iissign 
the name Silurian, because the Silurian fauna was the first to be determined ; and, further, 
I am of opinion that the Cambrian gi'oup ought not to appear in our nomenclature as of 
equal rank with the Siliuian gi’oup, of which it is merely a subdivision.” In the same 
year F. Schmidt, so widely known for his life-long labours among the older pala‘ozoic 
rocks of the Baltic provinces of Russia, expressed the same opinion, remarking that he 
■would prefer to regard the Cambrian as only part of one system extending up to the over- 
lying uiiconformable Devonian racks. This classification has been adopted with modili'ca- 
tions. The International Geological Congress published in 1897 a scheme of geological 
chronography by Professor Renevier, in which the whole of the formations in question 
were grouped under the name “Silurique,” the low^est of the three groups into winch 
these formations had long been divided being termed Cambrian, the middle, as proposed 
by Lapworth, Ordovician, and the uppermost Silurian. The obvious objection to the 
use of “ Silurique ” for the whole and “ Silurian ” for only the upper member a})poar8 
fatal to the adoption of this arrangement. This objection is met by Professor I)e 
Lapparent, who classes as Silurian the whole of the formations from the base of the 
Cambrian up to the bottom of the Devonian series, retaining Cambrian for the lowest 
and Ordovician for the middle subdivision, and proposing the term “ Gotlilandian ” ff»r 
the uppermost. Such an arrangement is logically sound, and might be adopted if it 
did not involve so serious an alteration of the nomenclature in general use. It will not, 
however, satisfy the followers of Sedg^vick to see their master’s “system” placed us 
the lowest member of the Silurian formations ; nor will it remove from the minds of 
those who are loyal to the memory of Murchison the apprehension that tho romovul of 

^ Thus iu chap. iii. of ‘Siluria’he remarks that “ wherever graptolites are fouml they 
clearly mark the rock to be Siluriau” : and again, “the mere i)resence of a graptolite will 
at once decide that the enclosing rock is Siluriau.” 

® M. Delgado, the distinguished Director of the Geological Survey of Portugal, has recently 
reaffirmed and supported Murchison’s dictum, “Nous arrivous a la conclusion <pie les 
graptolites caracteriseut exclusivement le systems Silurique. ... On doit par consequent 
considerer commes Siluriennes toutes les couches ou paraisseut cos Hydrozoairos ” (Comnu 
Direc, Serv, Geo!, Portugal^ iv. Fasc. 2 (1901), p. 227). 

» B, B, G. F, xi. (1882), p. 34. ' 

4 Q, jr. iK B, xxxviii. (1882), p. 615. 
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the landmarks set np by him may only be the prelude (already actually to a slight 
extent realised) to the dropping of his name Silurian from the rocks which he was the 
first to investigate and describe. Por these reasons I prefer to retain the classification 
which has hitherto been given in this text-book, adopting Sedgwick’s name Cambrian 
for the rocks containing the first fauna of Barrande, and Murchison’s terms “Lower 
Silurian” and “Upper Silurian” for those in which the second and third faunas are 
preserved.^ 

The Cambrian rocks of Britain vary widely in mineralogical composition, thick- 
ness, and area of exposure in the diiferent districts where they rise to the sui’face. In 
North AValcs, where they cover the widest extent of ginuiid, they consist of purple, 
reddish-grey, green, and black slates, gi‘ite, sandstones, and conglomerates, with a volcanic 
grouj) at the bottom, the whole attaining a thickness of probably more than 12,000 feet. 
In Western England this enormous mass of sedimentary material has dwindled down to 
a fourth or less, consisting at the base of quartzite and sandstone, and in the upper 
part of shales. In the East of Ireland, rocks assigned to the Cambrian system resemble 
on the whole the Welsh type. In the north-west of Scotland, on the other hand, the 
Cambrian strata, about 2000 feet visible, consist of quartzites below, graduating upwards 
into massive limestones. The following grouping of the British Cambrian rocks has 
been made : - - 


Wales 

(ningliig up to ia,000 feet or 
more). 

{ Treniadoc Slates. 

Lingula Flags. 
(fJnt/nfi'fftf* OlcnvH^ &c.) 
Middle or Para- 1 Moneviau Croup 
doxi<les series. 

Harleeli and Llauboris 
» I groin ) and basement vol- 

Lower or danic rocks (“Pebidian” 

elliis series. 1 Ijottom not 


Western Bnoland 
(aViOut 3000 fsot). 

Bhineton Shales {Dictyo- 
gmjH'us [Diciyoiiema] 
Oletivs^ &c.) 

Corgloinerate's nnd lime- 
stoiu'^ (Cosiih-y) wLh 
Pamdomdes^ &c. 

Thin (piartzite passing 
up into gi'eeu flags, grits, 
shales, and sandstone 
(r* ... 1, . Vi don- 

o’. ■.* 


N. W. Scotland 
(at least 2000 feet). 

A thick moss of dolo- 
mite and limestone, 
with Avclmocyathm^ 
2taclwrea^ 

Murohiaonia^ Oriho- 
camSf and vast quan- 
tities of annelid cast- 
ings. 

Shales with Olenellus^ 
Salterella^ 

Quartzites, with anne- 
lid burrows. 


Lowwu.’'*— -In South Pembrokeshire the lowo.st visible Cambrian rocks are of voloanic 
origin. They consist of line tuUs, and silky schists with sheets of olivine-diabase and 
andesite, and iiitrujiivo quartz-i>orphyries.® It is this volcanic group which the late Dr. 
Hicks lu’oposud to ednss as a pro-Cumbrian formation under the name of “Pehidian” 
(p. 896). In Caniarvonshiro the Llauboris Slates, which form the lowest member of the 
Cambrian sedimentary series, arc interleaved at their base with bands of volcanic tuffs 
and rest upon a ina.sB of (piartz-felsite, which is the lowest rock visible in the district.*^ 
The Olenollus-zouo, the characteristic jiaheoutological feature of the lower Cambrian 


‘ The reiwler who wouhl iieruso a weighty and dispassionate examination of this disputed 
ipue^tiou ill geological nomeiuilaturo shouhl turn to the essay by the late venerable Professor 
J. 1). Dana on “ Sedgwick ami Murcliisou ; (Jambrian and yiluiian " {Awei\ Jounu ScL 
xxxix. 1890, p. 167). With the conclusioiKs of his examination of the whole subject I most 
thoroughly agree. 

® The chief authority on the fossils of the Lower Cambrian rocks is the monograph by 
U. I). Walcott, “The Fauna of the l/>wer Oamhrian or (>ftf?Wfwfi-zone,” published in the 
Oeoi, (1890). This work contains figm-es and descriptions of 
this the olde.st known distinct assemblage of organisms, and gives a bibliography of the sub- 
ject up to the year of publication. Some of the other more important meinoira will be cited 
in subsequent pages. 

•* Q. J, &, xxxix. (1888), p. 294, 0. Lloyd Morgan, oj), cU. xlvi. (1890), p. 241. 

A. (h, op. cit. xlvii. (1891), Presidential Address, p. 90, and authorities there oiled. 
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group, has not yet been certainly established in W ales. ^ It was lirst detected in tl i e British 
Isles by Professor Lapworth, who in 1885 found fragments of Olenelltis on the flanks of 
Caer Caradoc in Shropshire, associated with Kidoi'giiia cingulata, Limuirssonia sagittalis^ 
EyolUhelliLS and ElUpsocephalm.^ It has been found by the officers of the Geological 
Survey in the west of Ross-shii'e, where the following lower Cambrian strata may be 
traced in a narrow strip of country for a distance of more than 100 miles : — 

Base of Durness limestones with ScdtereUa. 

Band of quartzite and grit ^Serpnlitc crit^ with abundant l^aUerella MaccnllochiU 
and occasional tliin shales with Hmt. 

Calcareous and dolomitic shales (“Fucoid beds”) with numerous worm-casts 
usually flattened and resembling fucoidal impressions. Olenellus occurs in bands 
of dark blue shale. 

Quartzites, in two divisions, the upper crowded with worm-burrows, the lower be- 
coming pebbly at the base and restii^ tinconformably on pre-Cambrian (Torri- 
donian or Lewisian) rocks. 

The discovery of the Ole'nellus-zoxLQ in this region has given a definite geological 
horizon from which to work out the stratigrapliical succession above and below. It has 
conclusively proved that the Toiridon Sandstone, formerly classed as Cambrian, must be 
relegated to the pre-Cambrian series (p. 890). Above the quartzite and shales which 
include the Olenelhia-zonQ there lies a series of dolomites and limestones, divisible litho- 
logically into seven groups mth an aggregate thickness of about 1500 feet. Their original 
upper limit, however, cannot now be ascertained, for it has been concealed by the great 
dislocations which have so complicated the structure of that region (see Figs. 344, 369). 
We cannot tell what additional thickness of limestone may have been accumulated 
in the north-'west at the time when only mud, silt, and sand were deposited over 
the southern parts of the British area, nor by w^hat kind of sediment the limestones 
were succeeded. The limestones (now chiefly in the form of dolomite) are most fully 
developed around Durness in the extreme north-west of Sutherland, where they 
have yielded a large number of fossils. The facies of these fossils, however, is so 
peculiar that it has not yet been possible by their means to correlate the rocks 
containing them with the Cambrian formations of Wales. The limestones arc so 
crowded with worm-casts that, as Mr. Peach has pointed out, nearly every particle 
of their mass must have passed through the intestines of worms. Hence they arc 
obviously of detrital origin, and were probably formed in chief j)art by small pelagic 
animals. Only one coral has been found in them. The most abundant fossils are 
nautiloid cephalopods (Orthoceras, Piloceras, Idtuiies) ; next in number are gasteropods 
(chiefly Madurca and Plmrotoimria), while the lamellibranchs and brachiopods come 
last. ^ The bivalves have tboir valves still united, and the lamellibranchs retain the 
positions in which they lived. All the specimens show that every open space into 
which the calcareous mud could gain access and the woms could ciwl, is traversed by 
worm-casts. In the case of the Orthoccratites, they seem to have lain long enough un- 
covered by sediment to allow the septa to be dissolved away from the siplmncles which 
they held in place ; many of these siphuucles are now found isolated.” Sponges of 
the genus Qalatfiium are scattered through the calcareous sediment, and likewise 
the doubtful but characteristic Cambrian forms, known as ArcTiamyathus which, once 
referred to the sponges, are now thought to be more probably comls. The general 
assemblage of fossils, as was originally pointed out by Salter, is of a distinctly North 
American type, and does not resemble that found in the slates, flags, and grits of 
Wales. The conditions of deposit must have been so entirely different that a gi^eat 
^trast in the organisms of the two areas of sedimentation could not but occur. 

1 Dr. Hicks believed that it exists there, GeoL Mag. 1892, p. 21. ~ 

2 Lapworth, (/eol Mag. 1888, p. 484 ; 1891, p. 629. 

» Brit. Assoc. Rep. 1891, p. 633. Peach and Horne, Q.J. </. xlviil (1892) n ^27 • 

1. (1894), p. 661. \ , 
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Whether or not the couti-ast further arose from some geogi*aphical cause, such as a land- 
banier that completely separated the areas, remains uncertain. The Duniess limestones, 
as regards their fossil contents and lithological character, may be compared with the 
Potsdam sandstone and Calciferous gi'oup of tlie United States and Canada. They repre- 
sent the Middle and Upper Cambrian, possibly part of the Lower Silurian formations.^ 

Middle. — This group appears to be most fully developed in South Wales, where it 
was first studied by Hicks, and found to yield a number of characteristic fossils. 
He has divided it into two groups, the Solva below and Menevian above. From the 
lower group a number of trilobites, including the typical genus ParadoxideSt have been 
obtained, also PlutonUlcs, Mici'odisctcs, Agnostics j Conom'yphe, There occur likewise 
annolides {ArenicolUes), brachiopods {piscina, LLngulella), pteropods {HyoUthes), and a 
sponge {Protospongia), 

Tlie name Menevian was proposed by Salter and Hicks for a series of sandstones 
and shales, wdth dark -blue slates, flags, and grey grits, which are seen near St. David’s 
(Menevia), whore they attain a depth of about 600 feet. They pass confonnably into 
the Lower, and also into the Upper group. They have yielded upwards of 50 species 
of fossils, among which trilobites are specially prominent. Pamihxides is the typical 
genua, while Agnosias, Anopolcnm, Ermnys, and ConoeorypJie are of frequent occurrence. 
Sponges {Protospamjm) and annelid tracks likewise occur. The brachiopods are 
represented by the genera IHscinm., Lingnlella, Obolella, and Orthis ; and the pteropods 
by Cyrtothcca and HyolUlics, An entomostracan {Entomis) and cystidean (Protocystites) 
have also been mot with. 

Ui*i*Eii. — This highest section of the system has for a long time been divided in 
Wales into two well-marked groups of strata, the Lingula Flags below and the Tremadoc 
Slates above. The latter division contains a fauna of a mixed or ti*ansitional character. 
While it still displays a number of Primordial forms it includes so many Silurian types 
that, onpalicontological grounds, it might be more a))propriately placed at the base of the 
Silurian system. But it has so long been taken as the highest member of the Cambrian 
formations that it may perhaps bo most conveniently retained in this place. As already 
stated, th^^ characteristic pala'ontologioal feature of the Upper Cambrian srtata is the 
piHivalcnce of trilobites of the genus Ohmis. 

Lingula Flags. — Those strata, consisting of bluish and black slates and flags, with 
bands of grey flags and stindstom^s, attain in some pai’ts of Wales a thickness of more 
than 5000 fo(^t. They received their name from the vast numbers of a lingula 
{Lingulella JMvisii) in some of their layers. They rest conformably upon, and pass 
down into, the Menevian group below them, and likewise graduate into the Tremadoc 
group above. They are distiuguialicd by a cbaraotoiistic suite of organic remains. The 
trilobites include the genera Oku us, Agnostv^, Conocoryplie, and JJikelocqthal^is, 
Early forms of ]>hyllocari(ls {Ifyimnocaris) and gast(‘ro})ods {BcUeropKon) occur in 
these strata. The brachiopods ineludo lAngulclla {L, Vmisii), Liscim, 

Oltoklla, KiUorgina, and Orthis. The i)terox>od8 are rei>i‘esented by species of Myolithcs. 
Scveml aniielidiis {Cni:iianu) and polyzoa {Feimtclla) likewise occur. 

A subdivision of the Lingula Flags into three sub-groups was proposed by Mr. 
T. Belt, ill descending order as follows i ® — 

3. Dolgelly slates, about 600 vri. ■'! -n- A consist of soft and hard 

blue slutcH and contain P ".v''*- I- .■.*//'■■■ *. 'his lenticular is, Pdtum 
scarahicoides, Pamholina spimtUmc, Agnustvs trimtiis, Qonocmyphe ahdita. 

2. Ffestiniog flags, about 2000 feet, well seen at Ffestiniog, consist of hard sandy 
micaceous flagstones, and have yielded Lingnlella Damsii, Olmus mienmts, 
llymenocaris ‘cermicaiuia, JiAkrophun mmbrensis. 

1. Maeutwrog flags and slates, nljoiit 2500 feet, best seen at Moentwrog in 
Merionethshire, consist of grey and yellow flagstones, and grey, blue and black 

B. N. Peach, Q. J. O, S. xlxv. (1888), p. 407. 
a (knl. Mag. (1867), p. 538. 
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slates, auil coutain among tlieir somewhat scanty fossils Olemis cataractes, 

0. ffibbusiis, Afjnostus ^riuceps A, nodosiis, 

Trcmadoc Slates. — This name was given by Sedgwick to a group of dark grey slates, 
about 1000 feet thick, found near Tremadoc in Carnarvonshii'e, and traceable thence to 
Dolgelly in Merionethshke, and reappeaiing beyond the eastern side of Wales at th,e 
Wrekin, in Shropshire.^ Their importanco as a geological formation was not recognised 
until the discovery in them of a remarkably abundant and varied fauna, -vs’kich includes 
early foims of crinoids, star-fishes, lamellibranchs, and cephalopoda. The trilobitcs are 
more especially characteristic ; they include some distinctively Cambrian genera {Olenus, 
Agnostus, Dikelocejphahi^t &c.), but they are marked by the api)earancG of new forms 
{Angelmiy AsapJiclhis, Ckcinini8j CyclognatMis, Ealoma, Nescurchts, Niohe, Pamholhiella, 
Sliumardia, Sy^njphysuTi'Us), a few of which attain a great development in the overlying 
Silurian system. The phyllocarids are represented by Ccratiocaris and Lingiilocans. 
The same genera, and in some cases species, of brachiopods appear wdiich occur in the 
Lingula flags, Orthis lenticularis and Liiufidella Davisii being common forms. Hicks 
described 12 species of lamellibranchs from the Tremadoc rocks of Ramsey Island and 
St. David’s, belonging to the genera Ctenodonta, Paleearca, Glypiarcaj Davidia, 
Modiolopsis. The cephalopods are represented by Orihoceras scriccuin and GyrtcHieras 
2 >rsscox^; the pteropods by Byolithes Davidii, H. oxtermlaUiSi and Conularm Hoin/rayi ; 
the echinoderms by a beautiful star-fish {JPalssastcHncc ramseyensis) and by a ciinoid 
(JDendrocrinus ? camhmisis).^ Careful analysis of the fossils suggests a separation of the 
Ti’emadoc sub-group into two divisions. The most characteristic forms of the lower 
division sxQ Nicibe- Hoinfrayit N. mcnapiensiSt Psilocephahts {? Symphymrus) innotatus, 
Angelina Sedgioichiit Asapliellus affiniSj and more paiticiilarly JGu^yograpfdisflctbellifonnis 
{Bictyon&nia sociale), which is a characteristic fossil of the uppermost Cambrian rocks 
in Scandinavia and Russia. 'The upper division contains Asaphellus Ilow/rnyi, 
Conocoi'yplie {Cyclognathvs?) depressa, and other fossils having a general Lower Silurian 
facies. , 

The peculiar fauna of this group has been shown by Professor Brdgger to have a wide 
geographical extension. He designates it the Eulmna-Niobc fauna, which is recognis- 
able in the Christiania region, Bavaria, Southern Prance, Bohemia, and Sardinia, and 
can be traced in Canada and Newfoundland. He enumerates among its characteristic 
genera and sub-genera of trilobites the following forms : Shnniardia, 0m)ieto2ms, 
Ceratopyge, CyclognathuSy ParaboUnella and Angelvm^ Bamrilla^ Nesexmtus^ Euloma, 
EarpideSi Anacheimms, Licliapyge, Apatoe^Jialiis, Dikelocephalina^ JDikcloctphalm, 
Asaphelina, kc. He regards it as a distinct subdivision between the Bictyof/raptics-ahta'a 
below and the Silurian strata with Tetmgraptm^ Phyllograptns^ &c. (p. 969).** 

It was the opinion of the late Sir A. C. Ramsay that though no visiblo uucon- 
formability can be seen at the top of the Tremadoc group, nevertheless there is evidence 
on a large scale of the transgressive superposition of the Aronig rocks upon the Tremadoc 
Slates and Lingula flags below them.^ The transitional character of the Euloma-Niobe 
fauna, however, would appear to indicate that in the region of North Wales no serious 
interruption of the continuity of .the sedimentation took place, nor any marked 
interference with the progress of biological evolution. The vagueness of the boundary 
line between the Cambrian and Silurian systems is only a iwoof of the artificiality of our 
stratigraphical subdivisions, and the variety of opinion as to where the line should bo 
drawn points to the essential unity of type in the Cambrian and Silurian faunas.® 

^ Callaw^ay, Q. J. Q. S. xxxiii. (1877), p. 652. Lapworth, op. cit. (1888), p. 485 j 
(1891), p. 633. 

® Hicks, Q. J. G, S. xxix. p. 39. 

3 Eyt Mag. xxxvi. (1898), p. 239. 

* Mem. GeoL Surv. iii. ; ‘Geology of North Wales,* p. 250. 

® On the subject of this boundary line, consult besides Brdgger’s recent paper above cited, 
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In various parts of England representatives of the Cambrian system have been dis- 
covered. One of the most important of these is in the range of the Malvern Hills, where 
the subjoined groups, comprising some 3000 feet of strata, are recognisable in descend- 
ing order ; ’ — 

• 4. Brousil grey shales, 1300 feet, including about 300 feet of diabases and basalts ; 

Dictyoiiema sociaUt Toma&itlnmprobleniatiaimf LmguMla NicJwlsoni, Linndvs- 
sonia Beiti, Oholella (f) SaUei% Hyolithea assitlatus, Agiwstiis du^c, Olemis 
{Pambolinella) triarthru-a, Niobe Homfrayi^ &c. This subdivision is believed 
to correspond, on the whole, with the Lower Tremadoc beds of North Wales. 

3. White-leaved-Oak black shales, which, including two bands of olivine-basalt 
(800 feet), have a thickness of about 800 feet ; sei>arable into two zones : {a) 
that of Polyphy^na^ containing Polyphyma Lapioorthi (a fossil pmbr.iily alliod 
to Beyrklua A'/igclini), Proio^migia fenestrata, Acrotreta (.'i 
JMorgiaa ciiigulatOt Liiigidella NichoUmi% and (6) tliat of Sjihn 
containing tS/ibirrtphihtfhiufs alatns { = Oleums huinilia^ ^ 

hisulccUa^ Pdtxim acarcibteoides. Agnosias fviseetas, Lingulella iiygmma^ 
Murchisonia l, Glyptarca primssvct, ostracods, sponge-spicules, foraminifera, 

&c. This subdivision includes strata that may be correlated with the upper 
pai-t of the Lingula Flags (Upper Bolgelly Beds). 

2. Hollybush Sandstones, perhaps 1000 feet thick ; Kntorghia chiguJata {Pliilhpsii), 
Linmrsonia sagittalis, Orthothem {HyolWies) jisUila^ Ihjolithes primtuvus 
(and several other species), Scoiermleram antiqaissima^ Modidopsis (0, 
foraminifera as glauconitic casts. 

1. Malvern quartzite and conglomerate, perhaps 200 or 300 feet ; Fossils rare, 
Katorgbm Phillipsii^ Oftoldla Gmmniij Hyolithea prlmievus, Giihutheca 
Jistida, foraminiferal glauconitic costs. 

The various subdivisions of the Cambrian system were probably deposited over the 
Midland region of England, but they have been for the most part buried under younger 
formations, and are now only visible at a few places where they have been ridged up and 
denuded. In the Wrekin and Caradoc district the Cambrian stmta, about 2000 feet 
tliick, have at their base the Wrekin t^uartzite, 100 to 200 feet thick, which has yielded 
a few worm-burrows. It is succeeded by the Comlcy or Hollybush Sandstone, which in 
places is .shaley and calcareous, and has furnished in the lower parts Olcnalhis Calla/oeU 
Agraiclos, Stenatheea, and Katm'gina cintjaloda, ; in the upper peMis Parcxdoxidcs Chocyovii, 
Above those sandstones lie the Shineton Shales, containing a fauna like that of the 
Tremadoc Slates. At the base JHctyonana. sociah is found, in the middle portion forms 
of Bryograptua, and in the liighest beds many genera and species of the Lower Silurian 
family of the Asnidiidte, in association with species of Olenua and other Cambrian forms.® 

In the Nuneaton district of Warwickshire another inlier of ancient strata was first 
recognised as Cambrian by Professor Lapworth. It has the Hartsbill quartzites at the 
bottom, with their interstratified zones of shale, and near the top a thin band of reddish 
limestone containing species of Hyoliihes and Orthoilma, CoUoloidca typicalia, Stenothcca 
ragoaa, Kutmjina cingnlata, &c. These fossils suggest a Lower Cambrian horizon. 
Next come the Stockingford shales, divisible into three gi’ou])S, the Parley shales at the 
bottom, with (?) Qonoc(»njphccomia6a, Arndhelegramtlatat Lmgulaap., Oholeltasagitialia, 
IPjalosteUa, Protospongia fcimt/i'idn. In the middle lie the black Oldbury shales, with 
Ctenopxyge SphtrropMhalmus alatua, Ole7i'U8f Agnostua piaifmnia, Bey7'ichia 

AiigeHnit &c. The uppermost or Merovale shales are marked by the occurrence of 
Bictyoiicma aociale, and are probably, like the Bronsil shales of Malvern, somewhere 

his ‘SUuriKchen Etagcn 2 und 3 im Kristiania Gebiet,’ 1S82, p. 156. Liunarsson, Qeol, 
Fiirexu ii. (1874), p. 273. J. E. Mart, ‘ Classification of the Cambrian and 

Silurian Rocks,’ 1883, p. 23; ‘Principles of Stratigraphical Geology,’ 1898, p. 162. 
J. C. Moberg, Sverig. OeoL Undmbhn. 0. No. 109 (1890). 

' Professor T. Groom, Q. J, O. 8, IviiL (1902), p. 89. 

® Professor Lapworth, P^'oe, GeoL Aaaoc. 1898, p. 337. 
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about the horizon of the Lower Tremadoc or Upper Dolgelly slates of I^orth Wales.^ In 
tlie heart of the Liokey Hills a quartzite like that of Nuneaton is referred to the 
Cambrian system. It has only furnished some worm-burrows. 

In the south-east of Ireland masses of purplish, red and green shales, slates, grits, 
quartzites and schists occupy a considerable area, and attain a depth of apparently^ 
several thousand feet without revealing their base, though in Wexford they may possibly 
rest on pre-Cambrian rocks. They have yielded OldJuimia^ also numerous burrows and 
trails of annelides {Histiodemim hihernicitmy Arenirolites didymm, A. sparsitSj Haugh- 
tmia, pcccila). In the absence of fossil evidence it is impossible to bring those strata 
into correlation with those of Wales. Some portions of them have been considerably 
metamorphosed. On the Howth coast they appear as slates, schists and quartzites. 

Continental Europe. —According to the classification adopted by M. Barrande, the 
faunas of the older Palfeozoic rocks of Europe suggest an early division of the area of this 
continent into two regions or provinces, — a northern province, embracing the British 
Islands, and extending through North Germany into Scandinavia and Russia, and a 
central-European province, including Bohemia, Franco, Spain, Portugal and Sardinia- 

Passing from the British type of the Cambrian deposits, we encounter nowhere in 
the northern part of the continent so vast a depth of stratified deposits ; on the contraiy, 
one of the most suigular contrasts in Palseozoic geology is that presented by the develop- 
ment of these foimations in Whales, and in the north of Europe. The enormous masses 
of sediment, thousands of feet thick, and with such uniformity of lithological character, 
which record the oldest Paleozoic ages in Wales, are represented in the basin of the 
Baltic by only a few hundred feet of sediments, which show strongly sepai*ated litho- 
logical subdivisions. Again, while the English and \Velsh rocks have been much 
disturbed, those in the eastern pai*t of the Baltic basin remain over wide tracts hardly 
altered from their original condition of level sheets of sand and clay. 

In Scandinavia the Cambrian system lies with a strong nnconformability on pre- 
Cambrian rocks.2 The so-called “Primordial zone” of this region appears to be every-' 
where characterised by uniformity of lithological composition as well as of fossil contents, 
consisting mainly of black shales with concretions or thin seams of fetid limestone. 
The following grouping of the Cambrian system has been made, the whole tliickness of 
strata being about 400 feet (120 metres). 

3cf. Limestone and shale with the Eitlom^’Niobe fauna (see pp, 922, 969). 

2. Olenus group. About 200 feet of bituminous fissile alum-shales, with nodules 
and layers of fetid limestone. The following zones in descending order were 

^ Lapworth, op, ciL pp. 838-350. 

- For Scandinavian Cambrian rocks see Angelin, ‘ Palseontologia Siieuica,’ 1851-54. 
Kjerulf, ‘ Noiges Geologi,* 1879 (or ‘ Geol. Slid, und Mittl. Norwegen,* 1880). Dabll, Vidmal^ 
SelsJs. FUrliandL 1867. Nathorst, KongL Vet, Ahad. FQrluindl. 1869, p. 64, and ‘ Sveriges 
Geologi.’ pp. 116-164. (The appendix to this volume contains a detailed catalogue of the 
literature of Swedish Geology.) Torell, Acta Univers, Ltmd, 1870, p. 14 ; Kongl, Vet. Akad. 
ForJiatidL 1871, No. 6. Linnarssoii, Scensk, Vet. Aknd. Ifa?id/. 1876, iii. No. 12 ; ‘Om 
Agnostus-Arterna,* &:c., Si'crig, Geol. ser. C. No. 42, 1880 ; ‘ De undre Para- 

dozides lagereu vid Audrarum,’ op. cit. ser. 0. No. 54, 1888 ; Geol. Mag. 1869, p. 393 ; 1876, 
p. 145. Tullberg, ‘SkSues Graptoliter,* Scerig. Geol. UtuleraOka. ser. C. Nos. 50,55 (1882- 
88) ; Z. Dentsch. Geol. Gee. xxxv. (1883), p. 228. W. 0. Brogger, Fgt. Mag. 1876 ; Geol. 
FSren. Stockholm^ 1876-76, 1886, p. 18; 'Die Silurischen Etageii 2 aud 3 im Kristiania 
Gebiet,* 1882. Lundgren in text to Angelin’s Geol. Map of Sweden, A. Jahrh. 1878. S. L. 
TcJruqnist, Ofv&jrs. Akad. FUrh. Stockholm, 1875 ; Geol. For&n. Stockholm^ xi. (1889), p. 299. 
J. 0. Moberg, op. cit. xii. (3890), p. 447 ; xxii. p. 528 ; xxiv. (1902), p, 44. Moberg and 
H. Mbller, op. cit. xx. pp. 197-290. Lapworth, (ted. Mag. 1881, p. 260 ; 1888, p. 484. 
Mair, Q. J. G. 3. xxxviii. (1882), p. 313; ‘Classification of the Cambrian and Silurian 
Rocks,’ 1883, pp. 72-100, 
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noted by S. A. Tullberg — (7;) zone 'witli Acerocare ecome, {i) JJictyonema 
flaMUfonne^ (A) CU/rliH/nnfln/K mycropyym, {g) Pdtin'a acarahseoUles^ (/) Eury- 
cat'e camuricornc, (e) Fambolina. sphivlosa^ (</) Ceratopygt sp., (c) Olenns (the 
special zone of this genus, of which it has many species, (b) Lepei'ditia sp., 
Agaostvs p‘is\formis, J. C. Moberg recognises five zones in this group, 
whicli ill descending order are : {h)Acei'ucare and Peltura^ (4) SplieercphthcUmua 
and Eiiryrare, (3) Ptvrabolhta spimilosa^ (2) Olenus tmncatns, (1) Agnostus 
pisifonnia {forma typiat)A Professor Brogger has abbreviated this subdivision 
by making two chief zones, a higher (2 d) with Peltura, Cydognathm, &:c., and 
a lower (2 a-c) with Ohuus (in the strict sense) Parabciina, Etmjcarey &c. He 
maintains, in the ■ *■ d cited, that the Dictyograpins {Dictyonma) beds 
should be placed ui me Lower Silurian, and accordingly he draws the line for 
the top of the Cambrian series at the bottom of these beds (p. 969). 

1. f, (/. Paradoxides group. About 160 feet of sandy shales, alum shales, with three 
bauds of limestone, the lowest (IJ feet), known as the “Prcgmcntcnkalk.’" the 
middle ns the “ Exsulanskalk,” and the liighest (2 to 3 fee:; ihc *■ Andrarums- 
kalk.” Tullberg divides the gi*oup into the following zones in descending 
order, {m) Agnosias Ifemgatus, {1) ParadoMes Ftyrchhammen. (This is the 
horizon of the Andrarum limestone, which contains an abundant fauna, includ- 
ing many species of Agnosias and other trilobites.) {k) Agnostus Lundgreni, 

(/) PimtdoMdes DavidiSj (h) Gomcirryjdie aeqaedisf (//) Agnostiis rex\ {/) 
uigaostus intermedhis, {e) Microdisevs scanievs, {d) Qoncorypks exsalans, {c) 
Agnostus atavus, (h) “ Fragmeutenkalk ” with Paradoxides Ulandicas, {a) 

Black alum-shale with I .’ . Acxotretaf Oholella^ &c. Professor Bnigger 
I'ccognisos two chief i.a:.'., hi- higher marked by Paradoxides Porch- 
h(mmn% the lower by i\ Ulatidicus^ P, Tessini, P. DavidiSf &c. 

1. h. Olenell'i'! consisting of two thin bands of strata, (&) Phosphate limestone 

and >.:■ -lx o':, Avilli TAnguhdhi^ Aorotheh, &c., (a) Sandy shales passing into 
sauilstone (gi’eywacko-slialc; wirli Olcneltns KJmdJi, ElUpsocephalus Pen'dm- 
skioldi, Ariondhis pn'immmsj Jlyolithes, 

Though the Scandinavian Oambriau series is so nuioli thinner than that of Wales,, 
it contains the three distinctive life-platforms recognisable in Britain, and appeal’s thus 
tb be a full palpeontological and homotaxial equivalent of the much fuller development 
of scdiineutary material in Britain. But, as has already been pointed out (p. 900), the 
older Palajozoic Ibnnatioiis of Norway and Sweden (Us])lay remarkable lithological 
ditibrences on the oast and west sides of the axis of the peninsula, suggestive of a 
former laud-barrier, on the two sides of which the character and thickness of the sedi- 
ments were strongly contrasted. On the eastern side the Cambrian and Silurian 
formations present the normal fossiliferons aspect above described, but on the western 
side they consist of vast idles of oiystalline schists, which might he taken for pre- 
Cambrian formations if their tnio age were not indicated by the occasional oocun’eiice of 
organic remains in some parts of them. The lower group of these metamorphosed rocks, 
known as the Riiros schists, consists of markedly ciystalline soft mica-schists and horn- 
blonde-mioa-schists. No fossils have been found in it, but on stratigraphical grounds it 
is regarded by Tuniebohm as })vobably of Cambrian age.^ The overlying schists and 
limestones are Ijelioved to be Silurian. 

'rho most extensive tract of fossiliferous, older Palaeozoic strata in Scandinavia extends 
among the Avoluean i-ocks and , crystalline schists ns a broad but interrupted belt 
from Jomtlaud through Norrland and Yestorbotten into Lapland, a distance of more than 
400 English miles. In this area both Cambi’ion and Silurian formations are well 
developed, and present the same recognisable zones as in Southern Scandinavia, though 


1 Oeol, FO'sem StockMm, xxii. (1900), p. 638. 

® S. A* Tullberg, Afhmid, Somg, Ued, XJndersdkn, ser. 0. No. 60 (1882). W. C. 
Brogger, (M. Fbr. StockJwlm, No. 101, voh viii. (1886), p. 196 ; J^orges. Oeol. Uiuiersbg. 
No. 11 (1893). K. A. Grouwall, Oeol. FSr. Stockholm, xxiv. 1902, pp. 309-345. The 
figures in this table are continued upward into the base of the Silurian system (p. 969). 

® Sverig. Oeol. Uvuters. ser. Ba. No. 6 (1901), p. 43. 
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with many local clitlerenc'es, both in the nature of the sediments and the eliaraeter of the 
fauna which they contain. In Jemtlaud a zone of sandstone lying on the Archroan 
gneiss contains the Olnidlvs-zowe, and is follo'sved by the alum-slate, with nodules of 
fetid limestone containing the zones of Parac7oxides celancHcus, P. Tessin!, and P. Fordi- 
liammcri and a considerable assemblage of other trilobites. Higher bands of alum- slate 
with similar calcareous nodules fonn the Olcmis group, composed of the zones of Aynoshis 
pisifoimis, Olemts giblosus, ParabolUia spinidosa, Eurycare latum and Peltum scara- 
bxoides.^ The same zones are prolonged northw^ard along the border couiitiy between 
Sw^eden and Norway. In the district of Tfisjdn, in the west of Yesterbotten, among the 
tracts of quartzite and sparagmite the following upward succession of Cambiian strata 
has been observed : 1, Grey pyritous quartzite ; 2, Fossiliferous limestone and (piartzose 
band, containing small concretions of phosphorite (9 cm.), and covered with a thin part- 
ing of aliun-slate and dark grey limestone with Paradoxides ; 3, Black limestone (18 cm.) 
containing Liositracus Linnarssoiii, Acrotlide, sp. and indicating the zone of Paradoxidcs 
Tessim, Above a thin x)hosphoritic layer lies (4) a greyish black fossiliferous limestone 
(3 cm.) with a. Paradoxides, possibly P. ForehhanuncH Sohmtplmmi'i) \ 5, Alum-slate. 
From the same band of strata there have likewise been obtained Agnostns gibbiis, A. inter- 
medicos, A. parvifroiis, marking the Paradoxides Tessini zone, and from other localities in 
the same district, Paradoxides blandicmy P, Forchhammeri, Peltura, Spliserophthalmus, 
Eolenoplmra hrachynietopa.^ 

The Cambrian type of Southern Sweden undergoes considerable modification as it 
passes eastwards, into the Baltic provinces of Russia. The black shales so character- 
istic in Scandinavia thin away, and the distinctive Paradoxidian and Olenidian divisions 
disappear. A group of strata, traceable from the S.E. of Lake Ladoga for a distance of 
about 380 miles to near Baltiscliport on the Gulf of Finland, mth a visible thickness of 
not more than 100 feet (but pierced to a depth of 600 feet more in artesian >vells) consists 
of three subdivisions : (a) Blue clay composed of a loNver set of iron-sands ton os (300 feet), 
resting on granite and an upper blue clay (300 feet), fomierly noted only for some 
obscure fossils {Platysolmitcs, Pander, probably fragments of cystidcana), but now known 
to include the OleneUus-zou ^ ; (6) Ungulite grit (50 to 60 feet), containing Obohis ApoUinis 
{Ungula, Eichw.) Scfimidtia celaia, &c. ; (c) Dictyo7iema~s\iBL[es (about 20 feet), with 
Dictyograptiis (Dictyoiwna) flabelliformisJ^ The researches of Schmidt have clearly 
shown the relations between these soft and seemingly not very old deposits and the 
Cambrian system of the rest of Europe. The lower sandstone, blue clay and a fucoidal 
sandstone lying immediately above the latter form an unequivocally Lower Cambrian 
group, for they have yielded Oleiiellus Mickwitzi, Sc&nclla disoinoidesy Eklffidtzia mon- 
ilifercL, Oholella, Eisetna, Volborthclla (doubtfully refen’ed to the Orthoceratites), Platy- 
solenites and Med^iMtes. Professor Schmidt points out that a complete break occurs 
between the top of the fucoid sandstone and the base of the Ungulite sandstone, and 
that this hiatus represents the Paradoxidian and Olenidian groups, while the Diotyo- 
nema-shales form the characteristic uppermost zone of the system. ** The Cambrian 
sea is known to have stretched into Siberia, for Schmidt has described Agimtiis from the 
Olenek in lat. 71 . The genera and AThomocevre also occur in that region, while 

in the valley of the Lena limestones with Mwi'odiscm represent the OU7UiU%is-ZQ\\% which 
extends to near Jakutsk. The same zone, as a limestone containing 
iippears in the island of Yaigatch. ’ 

1 C. Wyman, Bull QmL Imt, Vpsala, vol. i. No. 2, 1898, and references there given. 

3 H. Lundbohm, AflmndX, So&rig, Qtol, Undersghi, ser. 0. No. 177, 1899, p. 38. 

3 P. Schmidt, Q. J, G, 3, XJcxviji. (1882), p. 616. 

. * 31&n. Acetd, Imp. Sci. St. PUersb. xxxvi. (1889), .No. 2 ; Bull, Acad, St, Pet&rsb, 
XXX. p. 601; “Excursion durch Estland,” “Guide des Excursions,” No. 12, CongreL 
GSol, 2nte7”fud. St. Petersb. 1897. E.' von Toll, MSm, Acad, St, PStet'sb, vili. (1899)* 
No. 10. 
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In Central Europe, Cambrian rocks lisc from under later accumulations in Belgium 
aiul tlie north of France, Spain, Bohemia, and the Thuringer Wald.^ The most im- 
portant in France and Belgium is that of the Ardennes,® where the principal rocks are 
grit, sandstone, slates, and schistose (piartzites or quai'tz-schists (quartzo-phyllades of 
Dumont), with bands of whct-slato, quartz-porphyry, diabase, diorite, and porphyroid. 
According to Dumont these rocks, comprehended in his ‘ Termin Ai’deunais,* can be 
grouped into three great subdivisions— lat and lowest the “ Systfeine Devillien, pale 
and greenish (piartzitea with shales or phyllades, eoutaining Oldhamia nidiata^ and 
annelid tiiicks \Xercitcfi ) ; 2nd, the “ Systeme Rovinien,” phyllades and black pyritous 
<piartziti5s from which Dictyofjraptus fiaheUifonnis {Dictymeum sockilc\ and worm- 
burrows have been obtained; 3rcl, the “Systeme Salmien,” consisting mainly of 
fpiartzo.se and schistose strata or (piartzo-phyllades, and yielding Dictyographts Jiabelli- 
fmim, (JhiuuJritcit anHgitus and Ling ah. The Devillian and Kevinian divisions are 
\initod hy Cosselet into one scries composed of {a) Violet slates of Fumay ; (6) Black 
pyritous shales of lleviu ; (c) magnetite slates of Deville ; (d) Black pyritous shales of 
Boguy. These rocks have been greatly disturbed. They are covei'ed nnconfonnably by 
Devonian and later formations. 

In the north-west of France, extending through the old provinces of Brittany, 
the wo.st of Normandy and the north of Poitou, a gi*eat isolated mass of ancient rocks 
rises out of the plains of Secondary formations, and the pre-Camhrian rocks already 
rchirreil to are there succeeded, with a more or leas distinct unconformahility, hy a 
thick seric.s of sedimentary gi*oni)s which are now considered to be of Cambrian age. 
In wostoru Brittany the pro-Cambrian green silky schists known as the “Phyllades de 
Douarnonoz,” which are believed to be about 3000 moti'es thick, are followed, perhaps 
uuconfornmbly, by purple conglomerates, sometimes 630 metres thick, passing up 
into red shales which have a vertical depth of 2600 metres, and are sunnounted by the 
Gres Armoricaiu or bottom of the Silurian system. In these stiuta SeoUtJnis and 
ThjUUirs occur, hut recoguisable fossils are extremely rare, and no trace has yet been 
ibund here of the more typical Cambrian forms. In the basin of Rennes coiisidei'able 
hands of limestone, sometimes magnesian, together with quartzites, conglomemtes, and 
groywackes occur in the Cambrian series. Great local variations appear in the lithology 
and tliKjknoss of the series ; in Central Brittany it is marked by the intercalation of acid 
lavas and volcanic tulfs. In the region of the Sarthe, the basement conglomerates are 
followed hy grey shales with thick bands of siliceous and maguesian limestone, above 
which lies a series of sandy rocks containing Lingulct mmuyna and passing under the 
Gres Armoricaiu.® In Southern France, from the Cambrian rocks which flank the 

^ The studemt will And a useful compendium on the correlation of the Cambrian and 
Wlluriau rocks of Western Europe by S. Tilruquist in Geolog. Furen. StocMLolm^ xi. 
(1889), p. 299. 

“ Dumont, ‘Muinoires sur les Terrains Ardonnais et Rlieuan,’ 1847-48. Dewalque, 
‘Prodrome d’une Description (4f'ol, de la Belgique,* 1868. Mourlon, ‘Geologic de la 
Belgique,’ 1880. Gosselet, ‘Esquisso Gcol. clu Nord de la France,’ &c., 1880, and his 
great Monogi'uph, ‘ L’Ardenue.’ Mm. Carte. G^ol. detaill. 4to, 1888. C. Malaise, Bull. 
Ami. Buy, Beig, Srdser. ii, (1881), No. 8 ; op. cit. v. (1883), No. 1 and No. 6; Congr. 
G6ul, Inteniat. Pariit^ 1900, p. 561. The petrography of these rocks hajs recently been again 
discussed by Dr. J. tie Windt, Meu. Coitr. Bav. Etmng. xicail. Roy. Bdg. Ivi. (1898) ; and 
their stratigraphy by M. Lohest and H, Forir, Sue. Geol. Belg. xxv. his. 1899-1900. 

® The (pre-Cambrian) phyllades of Britfaiuy and the (Cambrian) purple conglomerates 
and red shales which succeed them were exhaustively treated by Hebert, J5. S. G. F. (3) 
xiv. p. 718. See also Tromeliu et Lebesconte, B. B. G. F. iv. (1876), p. 6. 583; 
Assoc. Franc. 1876. Tromeliu, Assoc. Franc. (1879), p. 493. Lebesconte, B. 8. G. F. 
(3) X. p. 65 ; xiv. (1886), p. 776 ; xviL (1889), p. 621 ; xLx. (1891), p. 15. GuilUer, up. cit. (3) 
ix. p. 874. Barrois, op. cit. v. (1877), p. 266; Carte, G^l. France, Redon Sheet; Ann, 
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isolated pre-Cambrian axis of Upper Languedoc, the most satisfactory fossil evidence 
has been obtained, showing the existence there of both the Paradoxidian (Panwfoa'wfes, 
Conocoi'yp^ie\ and Olenidian divisions of the Cambrian system.'^ Among the Trench 
Pyrenees, narrow strips and patches of strata have been detected which, lying below 
fossiliferous Lower Silurian rocks, are believed to be Cambrian.- 

In various parts of Spain indications of the presence of Cambrian rocks are furnished 
by Primordial fossils. In the province of Seville the highest beds ha'Ve yielded 
ArchmocyathuSf and in the province of Ciudad-Eeale, Primordial tribolites {Ellvpso- 
ceplmluLs), But it is in the Asturias that the most abundantly fossiliferous rocks of this 
age occur. They are grouped by Barrois into (a) Slates of Rivadeo, blue phyllades and 
green slates and quartzites, in all about 3000 metres, and (&) Pai'odoxides beds of La 
Vega (50 to 100 metres), composed of limestones, slates, ii'on-ores, and thick beds of 
green quartzite. In the upper part of (&) a rich Primordial fauna occurs, comprising a 
cj'stidean {Troclwoygtites hdhemicfius) and trilobites of the genera Paradoxidcs^ 2 species, 
Conoco’njpihe {Conocephalites), 3 species, and ArionelluSi 1 species.^ 

In the Portuguese part of the Iberian peninsula Cambrian strata have likewise been 
i-ecognised by organic remains. In the Alto Alemtejo a dark grey shale in the line of 
contact between some limestones and quartzites, has yielded a number of fragmentary 
trilobites representing seven or eight dilferent species belonging to the families of the 
Oleuidae and Conoceplialidse.^ 

In the Thuringer Wald certain phyllites, fucoidal slates, quartzites, &c., are 
referred to the Cambrian system. They have yielded some indistinct fossils (Phycodes, 
Archmocyathua?) and in their higher parts (Tremadoc) Ol&iius, Bulomob, LiJccloccpliahis, 
Eiobe, Amphion^ Ceratopyge.^ The Central European type of the Cambrian system is 
best developed in Bohemia, where the classic researches of Bairande have given to it 
an extraordinary interest. At the base of the Bohemian geological formations lie the 
slates which Barrande placed as his i,t&ge A (Przibmm schists), and which are no doubt 
pre-Cambrian (p. 901). They are overlain by vast masses of congloTn«’‘<»te«. 
slates, and igneous rocks (Iiltage B), which have been more or less m- 
are singularly ban*en of organic remains, though some of them have yielded traces of 
annelids {ArenicoZUes). They pass up into certain grey and green fissile shales, in 
which the earliest well-marked fossils occur. The organic contents of this ^Itnge C or 
Primordial zone (300 to 400 metres thick) form what Bai-rande termed his Primordial 
fauna, which yielded him 40 or more species, of which 27 were trilobites, belonging to 
the characteristic Cambrian gexiera.^Paradoxides (12), Agiwstits (5), Conocoryphe (4), 
Ellipsoc^halus (2), HydrocepUlus (2), AHoneZltis (1), Sao (1). Not one of those genera’ 
save Agnostus (of which four species appear in the second fauna), were found by Barrande 
higher than his Primordial zone. Among other organisms in this Primordial fauna, the 

Soc. OSoL Kord. xv. p. 238 ; xxil (1894) ; BtdL Carte, Q^oL Fi'ance, No. 7 (1890), p. 74. 
Oehlert, op. cit. Nos. 38 and 44. 

J. Bergeron, B. S. G, F, xvi. (1888), p. 282 ; ‘ Etude goologique du Massif ancioii an 
Bud du Plateau central, 1889. J. Miguel, * Note sur la Geologic des Terrains Piimaires du 
Department de PHerault,’ 1894, calls attention to a mass of strata lying between the 
highest Paradoxidian beds and the base of the Ai-enig formation, into which it graduates. 

It attains a thickness of 1000 metres, and is compared by him with the Tremadoc group. 
See also J. F, Pompeckj, Nmies Jahrl, 1902, i. p. 1. 

® J. Caxalp, ‘Etudes geol. sur les hauts massifs des Pyrenees centrales,’ 1888 n 462 
E. Jacquot, B. S. Q, F. 1890, p. 640. * 

8 Barrande, BuZL Soc. G4oL France (2) xvi, p. 543. Maepherson, Jahrl. 1879 

p. 930. Barrois, M$m, Soc. Q&ol. Fat'd, ii. (1882), p. 168. ’ 

* J. F. Nery Delgado, Corn. Birec. Trab, Geol. Portugal^ iii. (1895), p, 97. 

® H. Loretz, JaJirh, Preuss. QeoH, Landeaanat, 1881, p. 176. Marr, Geol Mag, 1889 
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brachiopods are represented by species of OHhis and OrlUvXd^ the pteropods EyolUhes, 
and the eohinodorms by cystideans. It is worthy of note that the fossil contents of the 
zone on the opposite sides of the little Bohemian basin were found by the same great 
pioneer to be not quite the same, only eight species of tiilobitos being common to both 
belts, while no. fewer than 27 species were detected by him only on one or otlier 
side. The Olenidian trilobites which characterise the upper Cambrian group were not 
observed by him in Bohemia.^ Later researches have modified some of the strati- 
grnphical details of his work, the geological structure of the country having been found 
to be much loss simple than he supposed. But the fundamental grouping which he 
established remains much as he loft it. A portion of his Stage B, the whole of his 
Primordial zone (Stage 0), and a part of the base of his Stage D (Lower Siluiian), was 
grouped together by Dr. Katzer in four members as the Cambrian development in 
Central Bohemia thus : {a) Basement conglomerates, (6) Paradoxides shales, (c) Quartz- 
greywacke group, {d) Diabase and red iron-ore group.- More recently Pompeckj has 
made in greater detail a study of these strata, in which he recognises two main groups : 
a lower, consisting of sandstones and greywackes passing down into conglomerates, which 
lie unconformably on the phyllites below ; the greywackes, containing species of OrtlviSy 
Stettotlbeca, OonoccplialiteSy Btydhopm'icb {ComccphalUes), SoUiwpVMTay Ellipsoc^lidlust 
Sao ; and an upper group of conglomerates and shales, with the Paradoxides fauna as 
first shown by Barraude. The first of these two gi*oups is paralleled with the Olefnslhis- 
zone, tliough no specimens of Olenellus have yet been found in it ; the second group is a 
good devolopiiient of the Paradoxides series of strata.^ 

In liussian Poland the older PaJseozoic formations have at their base some quartzites, 
conglomerates, and shales, which around Sandomir on the left bank of the Vistida contain 
abundant fragments of Paradoxides (probably P. Tessini or P. BoTbemicus), Agiwstm 
{A . fallax sxiH A. gihlntd) with Liostracm lArmarssomi indicating a Middle Cambrian 
hoiizon.^ 

In Sardinia a charactoiistic assemblage of Cambrian fossils has been described, com- 
prising three species of Paradoxides^ six of ConocephaliteSy five of Amyrnoearcy five of 
OlenuSy as well as other fowns.® 

North America.— During the last two decades a large amount of attention has been 
paid by the geologists of the United States and of Canada to the study of the stratigraphy 
and fossil contents of the Cambrian rocks of North America, and the result of their 
labours has been to show that, whether as regai-ds extent and thickness of strata, or 
variety and abundance of oiganic remains, these rocks sm’pass in importance the 
corraspouding European series. The European types of sedimentation are there replaced 
by a vai'iod assemblage of materials, among which limestone plays a large paii: ; and 
this change, as might be expected, is accompanied by a remarkable contrast in the 
general facies of the fossils. Nevertheless, the leading type-genera of Europe have 
boon found in their usual sequence, so that it has been possible to subdivide the 
American Cambrian system into three groups, which can bo broadly correlated with the 
threefold arrangement adopted in Europe.® 

^ See his colossal work, * Systems Silurien de la Boh6me,* published in successive parts 
and volumes fironi 1852 \ip till after his death in 1883 ; also Marr, <2. J* Q* S, xxxvi. (1880). 

F. Katzer, * Das iiltere Paheozoicum in Mittlebohmen,* Prague, 1888; ‘Geologic von 
Biihmen,’ Prague, 1892, p. 804. 

^ J. P. Pompeckj, Jalbdt, K. Geol. JUidhsa'osty xlv. pp. 496-614. 

* G. Gtirioh, VerhandU Russ, K, MimraL, GeseU, St. Petersburg, xxxix. (1896), p. 16. 

® 0. Meneghini, Mm. Owrt, Ged. Ital. iii. Part 2 (1888). Bomemaim, ‘Die 
Versteinerungen des cambrischen Sohichtensystems des Insel Sardinien,’ Halle, 1886. 
J. P. Pompeckj, Z. D. 9. 0. liii. (1901) p. 1. 

« Among writers on the Cambrian paleontology of North America a high place must 
be assigned to James Hall, E. Billings, C. D. Walcott, and G. F. Matthew. Mr. Walcott has 
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From tlie straits of Belle Isle the Oambiian formations of l^orth America run through 
^^■ewfoundland and Nova Scotia into New Brunswick. From the eastern coast of Gaspe 
they stretch along the right bank of the St. Iiawrence to Lake Ontario, In several 
approximately parallel bauds they range through the north-eastern states of the Union, 
spreading out more widely in the north of New York State, and in Veimont and 
Eastern Massachusetts. They rise along the Appalachian ridge, striking through 
Pennsylvania, Maryland, Virginia, Tennessee, and Georgia, down into Alabama, to a 
distance in the eastern part of the continent of about 2000 miles. In the heart of the 
continent, again, they rise to the surface, and flanking the vast pre-Cambrian region of 
the north, extend over a Tvide area between Lake Superior and the valley of the 
Mississippi in the States of Michigan, Wisconsin, and Minnesota. An isolated tract of 
them is found in Missouri, and another in Texas. The great terrestrial movements 
which ridged up the Rocky Mountains and their offshoots have brought the Oambrian 
rocks once more to the surface from under the vast pile of younger formations beneath 
which, during a large part of geological time, they lay buried. Hence along the axes 
of these elevations of the terrestrial crust they can be ti-aced in many lines of outcrop 
from Arizona northwards through Utah, Colorado, Nevada, Wyoming, Dakota, and 
Montana, whence they strike far northward into the Dominion of Canada. 

In thickness and lithological character the Cambrian rocks of North America exhibit 
considerable variation as they are traced across the continent, and these changes afford 
interesting evidence of the geographical conditions and geological revolutions of the 
region in the early ages of Palseozoic time. In Newfoundland, where the three groups 
of the system have been recognised, the total depth of strata measured by A. Murray 
was about 6000 feet, of which the lower division forms only about 200 feet. In Western 
Vermont and Eastern New York the total depth of the system seems to be about 7000 
feet ; and of this great mass of sedimentary material the lower division may occupy 
perhaps as much as 6000 feet.^ Over the central parts of the continent west of the line 
of the Mississippi the thickness diminishes to 1000 feet or less ; but again to the west of 
the Rocky Mountains it increases to 7000 feet or more in Nevada, while in Britisli 
Columbia it rises to 10, 000 feet. 

In the north-eastern regions the sediments were chiefly muddy, and are now re- 
presented by thick masses of shale with a little sandstone and limestone. The lime- 
stones increase in number and thickness southwards in Vermont, where a considerable 

devoted himself to the subject with untiring enthusiasm and much skill. His anost im- 
portant memoirs wfll be found in the Bulletins of the U.S. Geological Survey, Non. 10 (1884), 
SO (1886), 81 (1891), 134 (1896), in the 10th, 12th, and 14th Annual Reports, in Monographs 
viii. XX. xxxii. Part ii. p. 440, and notices in A7iier. Joum, JSci, July, December 1892, 
January, April 1894, February 1895 ; Proc. Washmgton Acad, Sd. i. (1900), p. 301 ; 
Proc. U,S, Nat. Muemm, xxi. (1898), p. 385. Of great importance also are the memoirs 
on the Cambrian Rocks and fossils of Canada, by Mr. Matthew, published in Uie Tnim, lio}/, 
SoG, Canada, from the first volume (1882) onwards, also in Bull, Nat, B<ic. Niw* 
Bmnsmek, No. 10 (1892) ; Trans, New York Acad, Sd. xiv. (1895), pp. 101-153 ; 
XV. (1896). The stratigraphical relations of the Oambrian formations have been discuased 
by many writers, among whom are R. D. Irving, 7th Aom. B^. U.S, C. S. (1888). N. S. 
Shaler, Bull, Mus, Com]), Zodl, Sarvard, xvi No. 2 (1888). Emerson, B. U.S, U. S, No. 
159 ; Momgr, U.S. Q.S, No. xxix. (1898). A. C. Peale, B, U.S. G, S, No. UO. N, H. 
Winohell, Ame7\ Qed. xv. (1896), pp. 153, 229, 296 ; xvi. p. 269. C. R. Keyes, Jovm, 
Geol, iii. p. 619. D. B. Dowling, qp. c/U, p. 988, J. B. Woodworth and A. F. Foorate, 
MoTiog, U.S. G, S. No. xxxiiL (1899). 

1 Walcott has found Olenellus about 2000 feet below the summit of the scries, but he 
hesitates to assume that it can really range through such an enormous thickness of strata, 
lO^/fc Ann, Bejp, U, S. G. S. p. 683. See his later section in 12^/t Am,. JR^, (1892), Plate 
xliL 
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mass of calcareous material lies in the lower group below several thousand feet of 
shale. Still further south the lower group consists largely of sandstones, which are 
followed by sandy, dolomitic, and purely calcareous limestones. In ITevada, where a 
thickness of 7700 feet has been assigned to the Cambrian system, the limestones are 
4260 feet in aggregate thickness.^ 

It will be seen, therefore, that the nearest European parallel to the combination of 
thick arenaceous with thick calcareous accumulations, which distinguishes the Cambrian 
system of North Ameiica, is to be found in the north-west of Scotland. In this 
connection it is interesting to note that the general facies of the Scottish Cambrian 
fossils, so distinct from that of the rooks of Wales and the mst of Europe, and so much 
more akin to that of the United States and Canada, is accompanied by a markedly 
North American type of sedimentary material. 

The following table gives the classification of the Cambrian system of North 
America : - — 


ej 1-^ 

8ll 

S3 “ a 

|i| 
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^Sandstones of N. and E. sides of Adirondack Mountains of New York and 
{wljacent parts of Canada. On the same horizon lie the limestones S. of 
Adirondacks {iiid Dutchess County, New York ; ond the shales of Tennessee, 
Ceorgui, and Alabama. In the west come the sandstones of the Upper 
Mississippi Valley, S. Dakota, Wyoming, Montana, and Colorado, the 
sandstones anil calcareous beds of N. Arizona, and the limestones and 
shales of Nevada. In the far north-east the black shales at the top 
of the New Brunswick and Cape Breton Island sections, and the shales 
and sanilstoues of Conception Bay, Newfoundland (Belle Isle). 

' Shales and slates of Eastern Massachusetts (Braintree), New Brunswick (St, 
John), atul Eastern Newfoundland (Avalon). With these typical rocks 
are correlated part of the limestones of Dutchess County, New York 
(Stissing) and the central parts of the Tennessee and Alabama sections 
(Coosa), with limestones in Central Nevada and British Columbia (Mount 
Stephen). In the Yellowstone Park the middle Cambrian strata have 
^ yielded an abundant faiuuL 

^ Tlio typical locality is in Western Vermont, where shales and limestones are 
developed. Wit^i the quartzite of W. slope of Green 

Mountains and \ (■■..in:-: Pennsylvania, Virginis, Tennessee, 

Georgia, and Ah'-M! i:\ ; -.i i „• d inlcrhcihlcd iiiiiOhl.oue.s and slates 

of Vermont and New York southward to Alabama ; the limestone, 
sandstone, and shale of Straits of Belle Isle (Labrador), N.W. coast of 
Newfoundland and peuinsnla of Avalon (Placentia) ; the basal series of 
Hauford Brook Section, Caton’s Island, &c., New Brunswick ; the shales 
and limcHtones of E. and S. Mussacliu setts (Attleborough) ; the lower 
portion of the Eureka and Highland ranges, Nevada (Prospect) ; a portion 
of the Wasatch Cambrian Section (Cottonwood) and the ln«i© of the 
^ Castle Mountain, British Ooluiubia. 


Reforonoe has already been made to the views of Mr. W. G. Matthew hi regard to 
the pre-Oambriau age of a sedimentary series which underlies what ho considers to be the 
oldest Cambrian strata of Now Brunswick, and which he 1ms grouped os “Etchiminiau,*" 
from the name of an old Indian tribe of the country. Ho has found in the upper half 
of this series numerous burrows and tracks of annelids, Hyolithidm being also 
particularly abundant and varied. Trilobitos are rare and gonomlly absent, tlie most 
frequent orustocea being bivalve eutomostraca and small phyllocarids. Broohiopods 
are abundant, including the genera Ohdus, Lingiilella^ and other homy forms, the 
calcareous Protx*emata being rare and of .small .size. Some small and rare gasteropods 
have been mot with, but the patelloid forms are larger and more frequent. A few small 


1 A. Hague. Ann. (I.S. U. S: 1881-82. Walcott, Monogi\ XT.S, O. S. vol. riii. 
(1884). 

2 C. D. Walcott, nuU. U.S. O. S, No. 81 (1891), p. 360. 
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lamellibranclis {Modiolopsis) complete the fauna, which comprises about 20 genera.^ 
The claim of this group of strata to be considered pre-Cambrian is disputed by Mr. 
Walcott. According to his observations the Olemlhis fauna occurs in Newfoundland 
420 feet below the ParcdoxuLes fauna in the heart of the “ Etchiminian ” group, and in 
New Brunswick fragments of it are found 460 to 480 feet down in that group. Mr. 
Matthew is disposed to think that Olenellus is rather a later than an earlier form than* 
Fwradosiides, but the general experience in both the Old World and the New is against 
this view.® 

Mr. Matthew has proposed a different classification and nomenclature of the 
Cambrian formations of New Brunswick from that given in the foregoing table. Above 
his “Etchiminian” series he makes three subdivisions of the Cambrian system. 1st, 
The lowest or Acadian stage (650 feet), with the zone of Mlipsocephcdm {Agraulos) 
articiphalus, followed successively by those of Paradoxides ctehTmiicus and P. ahe/imcus ; 
2nd, the middle or Johannian stage (1000 feet), with the zones of LinguUlla StarH and 
L. radula ; and 8rd, the Bretonian stage (700 feet), with the zones of Parabolina spinulosa, 
PeUura scarab&oides, Dictyme'tncb and Tetragraptus qiiadribrachiaius. 

From these strata a remarkably abundant and diversified fauna has been obtained, 
which, according to Mr. Matthew, exhibits a remarkably close resemblance to that of 
the Cambrian formations around the Baltic Sea, but has little in common with that of the 
same formations in the interior of America, though only a few hundred miles separate 
them. The St. John’s fauna includes fifty species of tiilobites {Agnostm 12, Agraulos 
or Mlipsocephalus 7, Cmwcoryphs 8, Par^sMes 8, and others), two genera of 
cephalopods, three of gasteropoda, four of pteropods {HyoMheSt Diplotlieca, Cyrtotheca, 
Styliola), nine of brachiopods {Obolits 8 species, OboUlla^ LinTbarsBonia 3, I/rngulella 9, 
ClUambonites 3, Orthis 6), besides a few ostracods, phyllopods, sponges, and sea-weeds. 
A number of graptolites appear in the upper division (DidyoTbema^ Clmbograptus, 
Loganograptus, TetragraptuSt Didymograptus), but nearly all in the highest strata, which 
really belong to the Lower Silmian series.® 

South America. — In the northern part of the Argentine Republic a representative 
of the Upper Cambiian or Olenus group has been found by Lorentz and Hyeronimus. 
It includes species of the genera Obolm, OrtMs, Eyolithes^ Ariomllus^ Agmstus^ 

and Olmus,^ 

China. — ^Baron von Richthofen has brought to light a succession of undisturbed strata 
(his “Sinisian formation”), which in Leao-tong and Corea attain a thickness of many 
thousand feet. In the higher parts of this series he found a characteristic assemblage of 
Primordial trilobites ; Oonocoryphe {CoTbocephodites) (4 sp.), Arbomoccure (6), Liostracus (3), 
Lorypyge {Olenoidcsf)^ Agnosttis (1), with the brachiopods Idngulella (2) and Orthis (1).® 

^ W. Gr. Matthew, Amer. Geol, xxiL (1898), p. 252 ; Btdl. Nat, Bist, Soc, New Brunsioickj 
No. X. (1892), p. 84 ; iv. (1899), p. 198 ; Geol, Mag, 1899, p. 373 ; 1900, p. 87 ; Ann. Neio 
York Acad, Sd, xiL No. 2, pp. 41, 56 ; xiv. (1895), p. 101 (where the “ Protolenus fauna” 
is described) ; Tram, Boy, Soc, Canada, 2nd ser. v. (1899), sect 4, p. 39 ; vii p. 138 ; 
Compt, rend, Congr^, Geol, Intemat, Paris, 1900, p. 813. A large series of effusive and 
dyke rocks has been described as associated with the “Etchiminian series” of New 
Brunswick, W. D. Mattthew, Tram. New York Acad, Sci, xiv. (1895), p. 187. 

® C. B. Walcott, Bull, Geol, Soc, Amer, x. (1899), p. 199 ; xi. (1899), p. 8. Proc, 
Washington Acad, Sci, vol. I (1900), p. 801 ; Compt, rend, Oongris, Geol, Intemat, 
Paris, 1900, p. 299. Mr. Walcott’s account of the faxma of the OlendluS’-ixme is given in 
the 10^^ Ann, B^, XI, S, G, S, 1890. His description of the middle Cambrian fauna of 
the Yellowstone Park is included in Mon, xxxii. XI, S, G, S, Part ii p. 440. 

>. ® Bull, Ned, Hist, Soc, New Brunsunck, No. 10 (1892), Appendix, p. xi. 

^ E. Kayser, ‘BeitrSge zur Geol. u. Palaeont d. Argentinischer Republik,’ Part in (1876). 

“ Richthofen, ‘China,’ voL iii (1882). W. Dames compares this Chinese Cambrian 
fauna with that of the Andrarumskalk of Scandinavia ; op. eit. p. 32 {ante, p, 925). Mr. 
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India. — In the Salt Kange a series of stratified formations, about 3000 foet in thick- 
ness, presents a peculiar development of the oldest Palajozoic strata, which there con- 
sist of sandstones, marls, shales, beds and pseudomorphs of rock-salt and deposits of 
gjTpsum. About 2000 feet above the base of this series lies a group known as the 
Neobolus or Ehussak beds, about 100 feet thick, composed of the following subdivisions 
in descending order : 

Lower magnesian sandstone, containing Psmdotheca Waagmi, VtyclwimTia RicJiteHi and 
passing up into hard clay with Linguldla RucJisi. 

Black compact flnr-clntc : TT^eferia NoeUmgi^ lAngvltUa Wammoki, MyolitlieB, &c. 
(zone of Hoef-' •• .N- ■' ■;/ 

Red sandy micaceous beds, full of Neobdlua Warthij with iV. Wynn% Lisdnolepis gmnu- 
Inin, rngom^ LakJmiiia lutguloideSj L, squama^ Limgnln kiuretidSj L. 

ir-r/. ■■■ /■ , sp. 

Upper annelid sandstone ; glauconitic cream-coloured sandstone with thin cdtcmations 
of soft beds : Orthis WartM^ Eyolithes Wynni. 

Blackish-red sandstone with abimdant MyolWies Wynni, fragments of a trilobite and 
tracks of annelids. 10 feet. 

Lower annelid sandstone : hard cream-coloured glauconitic sandstones alternating with 
thin bands of soft black sandstone, remnants of Ohnldla^ fragments of HyoWm and 
annelid tracks. 50 feet. 

The lowest gi-oup of the series, known as the “ Salt Marl,” which is some 1600 feet 
thick, has yielded no fossils. The trilobite here named Hoeferia is a new genus, closely 
akin to Olenellm, by which name it was originally noticed by Waagen and Noetling. 
It is believed that the Neobolus beds cannot be later than the Paradoxidian group. ^ 

Australasia. — In South Australia the oldest known fauna of the continent has been 
found at various placas-, and is recognisably Lower Cambrian. It includes species of 
C(nio(xphalite$i Olenhdlm^ Micfrodkcm^ GlUamhonites^ Orthis^ AmhonycMa^ Stmotheca^ 
Ophilctat TloUyceras^ Salterdla, EyolUheSy Rrotophuretra, EyaZostelia, and Qirvanella,^ 
In Tasmania a considerable thickness of strata is placed by Mr. R. M. Johnston in the 
Cambrian system. The lowest gi'oup consisting of fossiliferous ciuartzites, clay-slates, 
and breccias, has yielded species of ScoliOviu% Qonocc^luditcs (or LogomcUns\ Bathywnuit 
Asaph/iis, DiZcelocepliaZm, Leytmia,, Orthis, OphU^ta and TanUnmliicz,^ 


Section ii, Silurian. 

Murchison was the first to discover that the so-called “Transition 
rocks,” or “ Grauwacke ” of early geological literature, were capable of 
subdivision into distinct formations characterised by a peculiar assemblage 
of organic remains. As ho found them to be well developed in the region 
once inhabited by the British tribe of Silures, ho gave them the name of 
Silurian.^ From the bfise of the Old lied Sandstone, ho was able to trace 
his Silurian types of fossils into successively lower zones of the old 
“ Grauwacke.” It was eventually found that similar fossils characteiised 
the older sedimentary rocks all over the world, and that the general order 

Walcott incliues to believe that the CohsUb rather xjoiut to a Middle Cambrian fauna {BulL 
US, G. S. No. 81, 1891, p. 379). 

^ K. A. Redlioh, “The Cambrian Fauna of the Eastern Salt Range,” PaZwontologia 
IndicOf new ser. vol. i. (1899), p. 1, where full references to previous authorities are given. 

® R. Tate, Tm7is, JRoy, Soc, South Anstr, ii. (1879), pp. xlviii. and 77 ; xv. (1892), 
p. 183. 

5 ‘Geology of Tasmania,’ 1888, pp. 16-38. 

* pm, Mag, (8), vii. (1836), p. 47. 
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of succession worked out by MurcMson could everywhere be recognised. 
Hence the term Silurian came to be generally employed to designate the 
rocks containing the first great fauna of the Geological Eecord. 

This fauna, first worked out in its stratigraphical relations by Murchison, 
was shown by him to have such a marked uniformity of general character 
as to justify him in regarding it as distinctive of a single great geological 
system. Applying the principle so successfully adopted by William 
Smith for the Secondary formations of England — “ strata identified by their 
organic remains,” — he from the first began to discriminate the groups 
of sedimentary deposits by the fossils contained in them, and eventually 
classified them in a series of successive formations ranging from the 
base of the Old Red Sandstone down to the oldest stratified rooks then 
known along the Welsh borders. These formations he was led to group 
into two great divisions, each marked by certain biological peculiarities. 
The older half of his system he termed Lower Silurian, and the later half 
Upper Silurian. It was found that the stratigraphical sequence of organic 
types first established by him, in England and Wales holds good all over 
the world. Barrande demonstrated how completely the original Silurian 
classification was borne out by the abundantly fossiliferous formations of 
Bohemia. He was fortunate, however, in finding in that country a much 
fuller record of the earliest organic types than had been met with in Britain, 
and he was led to recognise the existence of three successive phases in the 
progress of animal life during the protracted Silurian period. To the 
oldest of these phases he gave, as we have seen, the name of the first fauna 
or Primordial zone, the second fauna was contained in Murchison’s Lower 
Silurian, and the third fauna in his Upper Silurian formations. While the 
broad land-marks remain as they were first set up by Murchison and 
Barrande, various modifications of nomenclature have since been proposed, to 
which allusion has already been inade (p. 917). By general consent the strata 
containing the fossils of the first fauna or Primordial zone are embraced 
under Sedgwick’s term Cambrian. As above remarked, Murchison’s 
“ Lower Silurian ” has by many writers been replaced by “ Ordovician,” 
and his “ Upper Silurian ” is in a similar manner being ousted by some 
other term, so that if this process of substitution is perpetuated, the names 
given by the illustrious author of the Silurian system ” will disappear 
from current geological literature. I shall continue to employ Murchison’s 
terminology, which has the claim of priority, and in my opinion is per- 
fectly sufficient for the requirements of science. 

§ 1. General Characters. 

Rocks. — The Silurian system consists usually of a massive series of 
greywackes, sandstones, grits, shales, or slates, with occasional bands of 
limestone. The arenaceous strata include pebbly grits and conglomer- 
ates, which are specially apt to occur at or near any local base of the 
formation,* where they rest unconformably on older rocks. Occasional 
zones of massive conglomerate occur, as among the Llandovery rocks of 
Britain. The argillaceous strata are in some regions (Livonia, &c.) mere 
soft clays : most commonly they are hard fissile shales, but in those areas 
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(Wales, &c.), where they have been subjected to the intensest compression, 
they appear as hard cleaved slates, or even as crystalline schists (Norway). 
In Europe, the limestones are, as a rule, lenticular, as in the examples of 
the Bala, Aymestry, and Dudley bands, though in the basin of the Baltic 
some of the limestones have a gi*eater continuity. In North America, on 
the other hand, the Trenton limestone in the Lower, and the Niagai’a 
limestone in the Upper Silurian division are among the most persistent 
formations of the eastern United States and Canada, while in the 
Western Territories vast masses of Silurian limestone constitute nearly 
the whole of the system. Easily recognisable bands in many Silurian 
tracts, especially in the north-west of Europe, are certain dark anthracitic 
shales or schists, which, though sometimes only a few feet thick, can be 
followed for many leagues. As they usually contain much decomposing 
iron-disulphide, which produces an efflorescence of alum, they are known 



Fig. 37r».— Group of Silurian Gniptf)lit<‘», 

0 , Monograptus priodon, Broun (Weiilock) ; 5, Phyllograptiis iypus, Hall (lower Ai’oulg) ; c, Ulplo- 
graptus folium, His. (Llandovery); d!, Bostritos peregrinus, Bnrr (Llandovery); d, Diilyiuograptus 
Murchlsoni, Beck. (Llandeilo) ; /, Monograptus Swlgwickii, Portl. (Llainlovery) ; f/, Dicrano- 
grnptus ramOBUS, Hall (Llandeilo) ; h, Tetragraptus Hioksii, linpk. (Lower Arenig). 


in Scandinavia as the alum-slates. In Scotland, they are the chief reposi- 
tories of the Silurian graptolites. Their black, coal-liko aspect has led 
to much fruitless mining in them for coal. In the northern part of the 
State of New Yorlc, a series of bods of rod marl mth salt and gypsum 
occurs in the Upper Silurian series. Still more ancient is the group of 
saliferous and gypseous strata in the Salt Range of the Punjab, which has 
been above (p. 933) referred to as enclosing relics of the Primordial !?ione in 
the Cambrian system. In Styria and Bohemia, important beds of oolitic 
hfiematite and siderite are interstratified with the ordinary greywackes 
and shales. Occasionally sheets of vaiious eruptive rocks (rhyolites, 
andesites, diabases, diorites, &c.) occur contemporaneously imbedded or 
subsequently intruded in the Silurian rocks (Wales, Lake District, S. 
Scotland, S.E. Ireland, &c.), and, with their associated tuffs, represent the 
volcanic ejections of the time. 
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Inasmucli as Silurian rocks have suffered from all the subsequent 
geological revolutions which have affected the regions where they were 
deposited, they now appear inclined, folded, contorted, broken, and 
cleaved, sometimes even metamorphosed into crystalline schists. Only 
rarely, as in the basin of the Baltic and in New York, do they still remain 
nearly in their original undisturbed positions. 

Life. — ^The general aspect of the life of the Silurian period, so far as 
it has been preserved to us, may be gathered from the following summary 
published by Bigsby in 1868 — plants 82 species; amorphozoa 136; 
foraminifera 25: coelenterata 507; echinodermata 500; annelida 154; 
cirripedes 8; trilobita 1611; entomostraca 318; polyzoa 441; 
brachiopoda 1650; monomyaria 168; dimyaria541; gasteropoda 1253 ; 
cephalopoda 1454; pisces 37 ; class uncertain 12; total 8897 species. 
Barrande in 1872 published another census in which some variations are 
made in the proportions of this table, the total number of species being 
raised to 10,074. No recent conspectus of the Silurian fossils seems to 
have been published, but their number during the last thirty years has 
been considerably increased. 

The plants as yet recovered are chiefly algse. In many cases 
they occur as mere impressions, which, like those of the Cambrian 
system, are often probably not of vegetable origin at all, but casts 
of the trails or burrows of worms, Crustacea, &c.^ Among the most 
abundant genera are Bythotrephis^ Arfhrophijciis, Palmophycus, and Nemato- 
pJiycus (Carnith.). Eemains of calcareous algse, however, have been 
detected (Lower Silurian Solenopoi'a, EJuihdoporella), The Upper Silurian 
rocks of Edinburghshire have yielded beautifully preserv'ed specimens of an 
organism believed by Salter to be a sea-weed like the living GeUdkm or 
Plocammn, which he named Chondrites ve^isimilis.^ Traces, however, of 
what may have been a higher vegetation have been discovered, which 
are of special interest as being possibly the earliest known remains of 
a land-flora. Many years ago certain minute bodies {Pachytheca) in the 
Ludlow bone-bed were regarded as lycopodiaceous spore-cases, but doubt 
has been cast on their organic grade, and it has been suggested that 
they may even prove to belong to an alga. Hicks obtained from the 
Denbighshire grits of N. Wales what he considered to be spores and 
dichotomous stems, that were probably lycopodiaceous (Berwynia).^ True 
lycopods (Lepidodendroii or Sagemna) have been met with in what are 

^ Ante, p. 911. Nathorst [Eongl, Sveoish Vet, Akad, Sandi, xviii. (1881) has imitated 
some of these markings by causing Crustacea, annelids, and mollusks to move over wot mud 
and gypsum, and has thus sho\\'n the high probability that they are not plants. (See Oeol, 
Mag, 1882, pp. 22, 486 ; 1883, pp. 33, 192, 286.). Nathorst*s opinion, adverse to the plant 
nature of the markings, is strongly opposed by Saporta in his ‘1 propos des Algues Fossiles,* 
1882. 

2 The reference of this genus to sea-weeds has been questioned. A somewhat similar 
fossil {Odmtocaulis) from Central Wales has been described as a dendroid graptolite, A. C. 
Seward, ‘ Fossil Plants,’ 1898, p. 147. E. StoUey has described a number of siphoneous algm 
obtained from SUiirian boulders in the North German Drift, Meries Jakid). 1893, ii. p. 135. 

* Q, J, G, S, ISSl, p. 482 ; 1882, pp..97, 103. The vegetable nature of these remains 
is perhaps doubtful. 
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said to be Upper Silurian rocks in Bohemia. The Tanne Greywacke of 
the Harz and adjacent districts has yielded a number of land-plants, 
including ferns {Siohem;ptendmm^ two or more species), and others 
referred to CijclualUjina {0, hei'cynium), Stigmaria, Ast&'ocalamites ?, 
Aspidiopsi% &;c.^ From the Clinton limestone of Ohio a portion of what 
may be a lepidodendroid tree {Glyptode7idrm eutoneim) has been obtained. 
The Cincinnati and Lower Helderberg groups of eastern North America 
are Said to have yielded a microcosmical representation of the Carboni- 
ferous flora.2 The land of the Silurian period probably had a cryptogamic 
vegetation in which lycopods and ferns played the chief part.® 

In the fauna of the Silurian rocks, the most lowly organisms known 
are Foraminifera, of which several genera, including the still living genera 
Lagem and Saccmnmino, have been detected. Certain layers of chert, 
widely spread over the south of Scotland, have yielded upwards of a 
dozen genera with more than twenty species of Radiolaria.* The Silurian 
seas possessed representatives of the siliceous sponges of modern times. 
The lithistid forms are exemplified in the Auloc^ium, Astylo^ongia and 
Giiryosfpmgia of the Lower, and in the Caiyo^rmion and JSindia of the 
Upper Silurian series. The hexactinellid types appear in genera belong- 
ing to the Dictyospongidoe, the Plectospongidse, and the genera Amphi- 
spongia^ Astroconia, llijalostelia^ and Asimospongia. Of the puzzling genera 
ReceptacuUtes and Ischadites, the true relationships have not yet been de- 
termined. They have l)een considered by some as algae, by others as 
foraminifers, and by Dr, Hindc as sponges. Nidulites, too, though a com- 
mon fossil, is still a subject of uncertainty as to its organic grade, the 
latest view being that it may be related to the polyzoa. 

Corals must have swarmed on those parts of the Silurian sea-floor on 
which calcareous accumulations gathered, for their remains are abundant 
among the limestones, particularly in the upper division of the system. 
The rugose corals make their appearance in the Lower and reach their 
maximum development in the Upper Silurian rocks. They are repre- 
sented by numerous genem and species (StrepteUmia, UffafhopJiylhfnt, 
Ptjjohophylhm, Pekaia, Omphjpna, C^jstiphylhm, Stmnlodes 
Ace^'vularia (Kg, 381). Perforate corals wore represented l»y (Jidosfylia 
and P^vtarm. Numerous tabulate types occiir {Fnmdtes^ Caloupoeda- 
Cohm'Mpora, Pachypora, SynHgalifes, Mveolites, Cladopam, Syimgopw'a, 
Halysites or chain-coral), and are regarded by recent writers as Alcyo- 
narians. Montiendipora, may also be an Alcyonarian, but is referred by 
many authors to the Polypora. is a conspicuous form, and 

resembles the living Alcyonarian Hdiopmt, So abundant were some of 

^ H. Potonii*, AMumd, K, Prevsa, GeoL Laiulemnst, Neuo Folge, Heft 36 (1901). 

® L. Lesquereux, Anicfr, Joum. ScL (3), vil. p. 31 ; Jh'oc, Amc7\ PhU, Soc, xvii. p. 163. 

* Zeiller, however, in his recent Text-book remarks that the evidence for the existence of 
any plants in the Silurian ])eriod of higher grade than uigoe in exceedingly meagre. The 
student will find a valuable compon<lium of information by L. F. Ward regarding the fossil 
floras of past time all over the world in the St/i Atm, U,S, <L /*?. Part ii. 1889. 

* G. J. Hinde, Amu May, Ned, Hist, 1890, p. 40 ; (?. J, (K K Iv. (1899), p. 214, and 
Messrs. David and Pittman in same volume, p, 16. 
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the corals on the floor of the Silurian sea as to form reefs there, composed 
almost wholly of their calcareous skeletons, mingled with remains of 
crinoids, bryozoa, and mollusks. 

The Hydrozoa were abundant in the waters of Silurian time. The 
Stromatoporoids helped by their aggregates to form sheets of limestone. 
The plant-like branching Dktymuim {Dictyogmptas) we have found to be 
characteristic of the strata at the top of the Cambrian or base of the 
Silurian system. But it was by the great extinct tribe of the Graptolites 
that the Hydrozoa were most fully represented. As already stated, these 
organisms are so characteristically Silurian that they serve to distinguish 
the Silm'ian from other formations. Some of them are monoprionidian 
forms, that is, are furnished with a single row of cells ; others are 
diprionidian, or possess two rows of cells, while in some genera both these 
features are united, as in Lkmmgrajptus, where two single-celled branches 
are given off from a double-celled stem. The genera Monograptus (of 
which upwards of forty species have been found in Britain), and 

Cyrtograptus are characteristic of Upper Silurian, Leptograptus^ Steplmio- 
graptus ( = Coenograptus\ Eidymographis, Fhyllograptus, Lasiograptus, Tetror 
graptus, Dichograptus^ Dicellograpkhs and Dicranograptus of Lower Silurian 
rocks. Diplograptus, Climacograptm, and Betiolites are found both in Lower 
and Upper Silurian strata. Through the researches chiefly of Professor 
Lapworth it has been ascertained 3iat the species are confined within 
comparatively narrow limits, although some of the genera have a con- 
siderable vertical range, and hence that graptolites may be used to 
mark definite palaeontological horizons.^ He has enumerated twenty 
recognisable graptolite zones, one in the Upper Cambrian, eight in the 
Lower Silurian, and eleven in the Upper Silurian formations.^ 

The Echinoderms of the Silurian seas were extremely abundant in 
individuals as well as varied in genera and species. They comprised 
representatives of the great divisions of this sub-kingdom. The Crinoids 
or sea-lilies appear among the Lower Silurian formations in the genera Beteo- 
crinus, Archa^ocrinus, GlyptocrintLs, Hyboarinus, Anormlocrinus^ Hetmcriivus, 
Castocrinus, D&ndrocrinus, and the Upper Silurian forms include Eimero- 
ennus {Thys(mo(Tvims), Gyphoenmis {Hyptiocrinus), Lyriocfiinus, Melocrirms, 
Calceoc7'inus, Gissocrimts, and many more. The Cystideans, as already 
stated, attained their maximum development during Silurian time, 
scarcely a dozen of the 250 described species being found above the 
Silurian system. Among the genera may be mentioned Aristocystites,^ 
8phs3Tonites, Echmosphserites, Cryptocrinus, Glyptocystites^ Pleurocystites^ which 
occur in Lower Silurian strata, and Megacystites {JBolocysfites), C(iTyocTi/ifhus, 
Fseudomnusy Lepadoarims (ApiocysfUes) in the Upper division. The 
Blastoids are represented by the primitive forms AstmUastus and 

^ The studeut should consult Professor Lapworth’s monograph, “On the Geological 
Distribution of the Bhabdophora ” {Ann, Hia. ser. 5, vols, iii. iv. v. and vi, 1879, 

1880), in which the geological significance of the graptolites is fully discussed. 

Op, cU, vol. V. (1880), p 197. 

® It should be mentioned that some palseontologists would shorten these generic names 
thus : Ariatocyatis, Sphtermis^ Echinospimmj &c. 
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Troostocrinus in the Upper Silurian series of North America. There 
were likewise early forms of ophiuroid or brittle-star {Eucladia^ iMpvmtlmra^ 
Frotast&i', Upper Silurian) and of asteroidea or star-fishes (Palseaster, 
Falseocoma, Lepidaste?'). The earliest known sea-urchins are met with in 
Lower Silurian strata (Bothiocidans\ and others belonging to the genera 
Falseechinus and Echimcystis are found in the upper division of the 
system. The Annelids of the Silurian sea-bottom comprised representa- 
tives of both the tubicolar and errant orders. To the former belong 
some species of the still living genera Spim^his and Smpula, together -with 
some forms doubtfully referred to this division of the animal kingdom 
(Go77iulites, Ortmia, Concliicolites, S&tpulites), The errant forms are known 
chiefly by their burrows or trails, which appear in immense profusion on 
the surfaces of shales and sandstones {ArenicoliteSj Nereites, ScoUthus, 
Crossopodia, &c.), but also by their jaws, which occur in great numbers 
in the Wenlock and Ludlow rocks. ^ 



Fig. 377.— Group of Areiiig Foa»ilB. 

1, Oi'tl»oo««'aB cniroesionso, Hicks ; 2, nollorophou llnwvinieiiBis, Hicks ; 3, Ortiiis cnlligmnima, 
Dulm. (onlargeil) ; 4, Rodoiiia anglioa, Salt. ; 0, Palicarca atnygUalus, Balt. 


The Bryozoa or Polyzoa appear in considerable number and variety 
in the Lower Silurian formations, where they occur in cyclostomatous 
{Stromatopora, DMoptmm, Protocmim^ Mitrodema, Ceramoporella, FiBtulipora\ 
trepostomatous {Mmtimlipm^a^ Eefmtrypa^ Call^ora, Tr&niatopora, Gondelr 
la/ria, Bytlwpora,, AmpUxopm'a, &c.) and cryptostomatous forms {Ptilodictya^ 
RlMMdya, Arthrostylm^ Femstella, Phylloponna), 

The Brachiopods attained their maximum diversity and importance 
during the Silurian period. From the deposits of that time upwards of 
2600 species have been named. They include representatives of all the 
orders. The atrematous forms are shown by species of Lingula^ 

&c. ; the neotremata by Acrotreta, SiphomMa^ Tremaiis, OrUculoidea, 
Schmireta, Granm^ &c. ; the protremata by many genera, including 
Eichwaldia, Leptsma, S^ophomeriay Ghonete.% Ortlm (Pig. 377', of which 
about 400 Silurian species are known), especially abundant in the Lower 

^ G. J. Hinde, Q J, G. K 1880, p. 868 ; BUiang. JSoenJth Vet, Akad. JffmtU, vi. (1882). 
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division ; OlitamloniteSy Poramhmiites (Lower Silurian), StTicUaiidinia^ 
Pentami'us (Upper Silurian), and the telotremata by some primitive 
forms of the Ehynchonellids (Protorhyncha), by more tj^ical genera of 
that family {ChiJmhyndiula, RhyncJiotreta, without any species of the 
actual genus Bhynclwnella, which probably did not make its appearance 
until after Palaeozoic time) and by a number of Spiriferid genera 
{Ati'ypa, Zygospira, Spirifei^ Cyrtia, Meristina), 

Every one of the five classes of the sutkingdom Mollusca had its re- 
presentatives in the Silurian seas.^ Among the Lamellibranchs may be 
enumerated Orthmota^ Vlasta, Grammysia, Antipleura, Prsecardium, Cteno- 
donta,^ Nncula, Nuculam ( — Leda), Cyrtodonta, Pterinea, Lip'odesma, 
Modiolopsis,* Allodesma* The Scaphopods appear in species which closely 
resemble the living Defivtaligm, the Amphineura in one or two genera of 
Chitons {Helminthochiton, Priscochiton*). The Gasteropods show a marked 
increase in variety and number of species over their Cambrian pre- 
decessors. They are still comparatively simple in structure, and include 
some primeval limpets. Characteristic genera are Metoptonia, Lepetopsis, 
Palmcmm, Tryhlidivm, Plemvtomaria,^ Baphistoma,* Oyrtolites,* Bellerophon, 
PlatysAisfina, EuompJialus, Machirea,* Ornphahtrochus,^ Oyclonema,* Maai'O- 
Aeilus, Scalites,^ Eolopea,^ PVatyostoma, Tentaculites,* Pterotheca, Gamlwiia,^ 
That the salt waters of the Silurian era swarmed with Cephalopods 
may be inferred from the fact that, according to Barrande’s census, no 
fewer than 1622 species had then been described. They are aU tetra- 
branchiate, and include all the suborders of the Nautiloidea. Those of 
the holochoanite (Diphragmoc&ras,^ Vaginoceras,* Endoceras,'^ Piloceras,^ 
Cyi'tendoceras^) and of the mixochoanite divisions (Choanoceras,^ Aphrag- 
mites, Aseooeras, Glossoceras) are distinctively Silurian, and die out in this 
system. The orthochoanite forms, of which the living nautilus is an 
example, abounded in numbers and variety of types. The genus Orthom'os 
was especially conspicuous ; Barrande described upwards of 550 species 
from the basin of Bohemia alone. Among the other types mention may 
here be made of Gydoceras,^ Gtenoceras,* Kionoceras, Deltocet^as,^ Litocefim,^ 
Discoceras,^ Plectoceras,^ Ophidioceras, lAiuites,^ Eercoceras, Loxoceras,* 
Actimceras,^ Jovdlania, Bizoceras, Ooceras, Oncoceras,* Poterioceras,^ 
Trimeroceras, PhragQnoceras, to which many other genera might be added. 

Crustacea are abundantly represented among the Silurian formations, 
more especially by the extinct tribe of the Trilobites. These organisms 
had already attained a considerable development in Cambrian time, but it 
was in the early part of the Silurian period that they reached their 
maximum in humbers and variety. Thereafter they appear to have 
rapidly declined^urin^ the Upper Silurian and Devonian ages, dying out 
fiiisdly in Permiaii time. A few of the Cambrian genera survived in the 
Silurian waters (Agnostus,\A$aphus, Oheimrus). But a host of new forms 
made their appearance. AlnongJ;hese the following genera are character- 

^ Tlie genera marked with an asterisk are* found in the Lower Silurian formations, but 
some of them are certainly or probably also Cambrian, siich as Ctcriodonta, Pl&mvtoTiharia, 
Baphistovm, OyrtcHMeB, BeHeroplim, Ogygia, Chevnmia, L^&rditia, BeyriMa, Prinnitia, and 
CeratiocaHs ; those with no sign have been met with in the Upper only. 



SECT, ii § 1 


8ILTJBIAN SYSTEM 


941 


istic: Tnnudeus,^ Triarthm^'^ Ogygia* Illasrm,^ LkhaSy^ 

Acidaspis,'^ Enof^imrus,^ Flacoparia,* Calymene^^ CheimruSy^ SphsBfi'exoehus,^ 
Pliacops, TriTTwrocephalus. Some of the genera of trilobites are world- 
wide in their range, such as Agnostus^ Conocm'yphe^ Paradoxides, Trinudem^ 
Asaphus, Adda^is, Lidias^ Calyinem, Cheimms^ Phacops and some 

others. “The majority of forms, however, are extremely limited in dis- 
tribution, so that a large number of genera found in Sweden, Bohemia, 
England and North America, are unknown outside very restricted areas ; 
and the total number of species common to both sides of the Atlantic 
is very small.” ^ The bearings of this subject on the discussion of 
Silurian geography will be referred to a little farther on. 



Fig. S78.— Group of Lower Silurian TrilobiteB. 

1, lllsenus Davisii, Salt' G) ; 2, Calyxneno brovicapitata, Portl. ; 8, Og 7 gia Buchii, Broiigii. 0 ; 4, 
Asaplius tyraunus, Murcli. (^); 6, Ampyx nudus, MnroL. (J); 0, .Egliiia binodosa, Salt ; 7, 
Acidaspis Jainesii, Salt ; 8, Triimcleus Lloy<Iii, Murch. 

The Ostracod Crustacea, which are first found in the upper part of the 
Cambrian system, reach a much greater abundance and variety among the 
Silurian formations, where they include the genera L^erditia,'^ Lepirditella^^ 
IsochUim^^ Beyricdmy'^ Pnmitia^ Eloedinia,* 'and likewise some early 
cyprids (Bairdia* Macrocypm,^ Poniocypris) and Gytherdla, Entorm^* 
CypMim* Early forms of barnacles are found in Lepidocoleus^ and 
TumLepasJ^ The Phyllocarid Crustacea made a marked advancement in 
Silurian time, where they were represented by species of Ge^'cUioccms^* 
Phyeoccms, Discinocam, Peltocaris,^ and others. That the Amphipods had 
already come into existence in Silurian time has been supposed to be 
indicated by the Necrogammarus of the Ludlow group of strata, but this 
form may prove to be a myriapod.- The Merostomata, of which at least 

1 Zittel’s ‘Text-book of Palaontology,* i. (1900), p. 637. 

® B. N. Peach, Prdc. Roy, Phys, Soc. Mi)i, xiv. (1899), p. 118. 
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one form had already appeared in the Cambrian system, come into great 
prominence among, the Upper Silurian formations. Besides a few Hemi- 
aspidae the important order of Eurypterids attains a striking development. 
Among its Silurian forms are species of Euryptei'us, Doliclioptenis^ Eimrcus, 
Slimonia, Stylomirus, Ptei'ygotus. Some of these organisms attained a 
gigantic size, specimens of Euryptei'us measuring fifteen inches in length, 
Stylonurus sometimes nearly five feet,^ while Ptmjgotus occasionally 
exceeds six feet. 

The first traces of vertebrate life make their appearance in the 
Silurian system. They consist partly of the plates of a curious group of 
fish-like animals* designated ostracoderms, the true organic grade of 
which is still matter of dispute, though they were formerly classed as 
fishes {Pt&i'aq)iSy CyaiJimpis^ Gephalaspk^ Tliyestis - Auchenasjyis\ but since 
they seem to have been without a lower jaw, they are regarded by some 
'WTiters as below the rank of true fishes. They are distinguished by the 
great strength of their bony covering. The bone-bed of the Ludlow 
rocks long ago yielded certain curved fin- spines (OncJm) of an 
elasmobranch, which resemble the dorsal spines of the living Cestmcmi, 
and some shagreen-like plates which have been supposed to be scales of 
ostracoderm fishes {Spliagodus^ Thelodm), and bodies like jaws with teeth 
which were called Pledrodus, but which are now known to be lateral 
shield-spines of a cephalaspidean form (Eukeraspis), It is probable that 
some of these remains have been incorrectly determined, and may belong 
to crustaceans or annelides. The so-called ‘‘Conodonts” (ante, p. 913) of 
the older Palaeozoic rocks of Europe and North America, originally 
supposed to be the teeth of such fishes as the lamprey, which possessed 
no other hard parts for preservation, have been also referred to different 
divisions of the invertebrata, but palaeontologists now regard them as 
probably in most cases the jaws of annelids.^ Eecently some remarkable 
discoveries of true fishes have been made by the Geological Survey in 
the uppemlost group of the Upper Silurian formations of Central 
Scotland. A number of small shark-like fishes have there been found 
belonging in some cases to new genera {LanarUa, Birkenia, Lasanim\ 
together with new species of the old genus Thelodus, Some of these 
forms {LamrUa) were diminutive, from two to five inches long, covered 
ivith a shagreen of small pointed and striated spines. The Birkema is 
a new type which, though its head is covered with narrow scutes instead 
of a large shield, resembles Cephalaspis, and like it may belong to the 
Ostracoderms.® 

Up to the present time no trace has been detected of any vertebrate 
land-animals of Silurian age. In Sweden, France, Scotland, and the 

1 Por a restoration of this form, see Qed, Mag, 1900, p. 481. 

3 Zittel and Rohon, Bitzb. Bayr, Akad, Munich, 1886, p. 108. According to Dr. Rohon, 
however, all “ Oonodonts ” are not annelidian, hut include undoubted teeth of fishes with 
recognisable dentine, enamel, and pulp-cavity {Bull, Acad, St, Peterdf, xxxiii. (1890), p. 
269). A valuable work of reference is the British Museum ‘ Catalogue of Fossil Fishes.* 

3 R. H. Traquair in Summary of Progress of Geological Sur^ for 1897, p. 72; and 
Ttwm, Boy, Soc, Edm, xxxix, (1899), pp. 827-864. 
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United States, however, the discovery of remains of arachnid and insect 
life in Silurian rocks may herald the ultimate detection of higher 
forms of life. In the Upper Silurian strata of the island of Gothland 
a true scorpion has been discovered, which appears to differ but little 
from recent forms, though in its walking legs it was of a more primitive 
type. It was believed by its original describer to possess breathing 
stigmata, and thus to have been an air-breather.^ Later research, however, 
appears rather to indicate that the creature possessed no stigmata, but 
probably breathed by gills and was aquatic.- Subsequently more perfect 
examples of the same genus (FalseopJionus) were described by Mr. Peach 
from the Upper Silurian rocks of Lesmahagow, Lanarkshire (Fig. 383). The 
presence of a poison-gland and sting at the extremity of the tail indicates 
that, like their modern representatives, these animals preyed on other 
denizens of land or water. Soon after the European discoveries, the 
finding of a scorpion {Proscorpius) in the “Waterlime” (Upper Silurian) 
of New York was announced.^ These specimens seemed to lift the veil that 
had concealed from us all evidence of the terrestrial fauna of this ancient 
period of geological history. If there were true scorpions on the land, there 
were almost certainly other land-animals on which they lived. Mr. Peach 
has suggested that they may have fed partly on marine crustacean eggs 
left bare by the tides.^ A myriapod (ArcJiidm/ins) has been found in the 
Upper Silurian rocks of Lanarkshire. That true insects also existed has 
been made known by the discovery of an orthopterous wing {Palmhlattina) 
in the Lower Silurian (probably Oaradoc) sandstone of Jurques, Calvados.® 
It measures about 1 J inch long, and is distinguished by the length of the 
anal nervuye and the small breadth of the axillary area. A hemipterous 
wing (Protocimex) has since been obtained from the lower graptolite shales 
of Sweden.® Wo may be confident that these are not the only relics of 
the Silurian terrestrial fauna that have been preserved, and we may hope 
that still more remarkable treasures are yet to be unearthed from their 
primeval resting-places. 

A survey of the general character and geographical distribution of 
the earliest known fauna suggests some interesting reflections regarding 
the climate and physical geography of the earth during the long lapse of 
time denoted by the Cambrian and Silurian formations. The profusion 
of corals in some of the limestones, which may bo regarded as equivalents 
of modern reefs, suggests that the temperature of the ocean was generally 
warmer in extra-tropical regions than it is now. We cannot, indeed, 
affirm with certainty that the Paloeozpic reef-bizilders, like their living 
representatives, required a temperature of not less than 68'" Fahr. But 
in the absence of any indication to the contrary it may be assumed that 

^ G. Liiidstrom, Conyptea rend. xclx. (1884) ; T. Thorell aud G. LiudstrCim, K. Smiah, 
Vet. Alead. Handl. xxi. No. 9 (188^). 

® Pocock, Qimrt. Jowr. Micro. Scienccj xliv. (1901), p. 291. 

® R. P. Whitfield, SdeTicef vi. (1886), p. 87. 

B. N. Peach, Nat^ire, xxxv. (1885), p. 296 ; Tmns. Roy, Soc. JSkiiii. xxx. (1882). 

® Oh. Brongniart, Comptes r&nd, xcix. (1884), p. 1164 ; Qeol. Mag. 1885, p. 481. 

^ J. 0. Moberg, Geol. FSr&n. StockMmj xiv. (1892), p. 122. 
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they did. In that case we see that even up to as high a latitude as North 
Devon (7 S'* N.), where Silurian coral-limestenes have been observed, the 
waters of the ocean were comparatively warm. This inference is 
strengthened by the remarkable extension of the Silurian fauna over a 
large part of the surface of the globe. The assemblage of organisms 
at the base of the Silurian system (the Euloma-Niobe-fauna), which 
extends from Swedish Lapland to Languedoc, shows, as Professor Brogger 
has pointed out, that no marked difference of temperature can have 
existed between the 43rd and 65th parallels of north latitude.^ The 
Silurian fauna has been detected even as far north as Northern Green- 
land and Grinnell Land above latitude 80°. It spreads likewise into 
the southern hemisphere, where, in Tasmania, Victoria, South Australia, 
and New Zealand, some of the characteristic genera, and even some of 
the well-known species of Europe and North America, have been obtained. 
This world-wide diffusion may be taken to indicate the prevalence of a 
tolerably uniform and probably rather warm temperature over the globe 
even far up into Arctic latitudes. 

While a number of the Cambrian and Silurian species are of universal 
occurrence, there is sufficient diversity between the faunas of certain 
geographical areas not far removed from each other to indicate a want of 
direct connection between the seas in which these organisms lived, and 
thus to furnish us with some clue to the probable distribution of sea and 
land during early Palaeozoic time. Allusion has been made above to the 
local character of many of the trilobites, and the small number of species 
that appear to have migrated between the Old World and the New. 
This contrast comes out even between the faunas of neighbouring tracts 
of the same continent. In Europe, for example, a striking difference has 
been remarked between the older Palaeozoic trilobites of the northern and 
north-western countries and those of the central region. “While the 
majority of northern genera and species are common to Great Britain, 
Scandinavia, and Eussia, the forms of the central European provinces, 
(Bohemia, Thuringia, Eichtelberg, the Hartz, Belgium, Brittany, Northern 
Spain, Portugal, the Pyrenees, the Alps and Sardinia) are so dissimilar as 
to stand in closer relationships with the North American than with the 
first-named trilobite fauna. Of the 350 species found in Norway and 
Sweden, and of the 275 in Bohemia, only six are common to both 
provinces, and it is doubtful if these are really identical.’’ ^ A somewhat 
similar contrast has been noted in North America between the general 
Upper Silurian fauna of the Mississippi valley and that of the State of 
New York. The former includes a number of peculiar and highly 
specialised forms, which it shares with Northern Europe, but which are 
not found in the Upper Silurian strata of New York, such as the crinoids 
Crotdoarmvs, Olonocnn‘U^(Cory7rAocnmis\ Py(msaccvsmAPetdomims, thecoral 
Goniophyllwn, and the peculiar little twisted brachiopod Str^tis, Mr. 
Weller infers that the Silurian sea, which was directly connected with 
Europe, stretched from the north in a long tongue down the heart of the 

^ JSfyt, Mag, xxxvi. (1898), p. 236. 

® Zittel's ‘ Text-book of Palaeontology,’ vol. i, p. 637. 
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American continent, and was not immediately united to the waters in 
which the New York fauna lived.^ 

From evidence of this kind, carefully collected and collated, the 
geography of former geological periods may be in some measure recon- 
structed. Various tentative efforts in this direction have been made, but 
much fuller information is required before the results can be regarded as 
based more on ascertained fact than on ingenious conjecture. 


§ 2. Local Development. 


Britain.*'^ — In the typical area where Murchisou’s discoveries were first made, he 
found the Silurian rocks divisible into two gi*cat and well-marked series, which he 
termed Lower and Upper. This classification has been found to hold good over a large 
part of the world. The subjoined table shows the arrangement and nomenclature of 
the various subdivisions of the Silurian system : — 


'3. Ludlow group . approximate average thickness 
Upper SiLUKiAN. ■ 2. Weulock group . ,, 

^1. Llandovery group ,, 

' 3. Carudoc or Bala group , , 

Lower Silurian. ■ 2. Llandeilo group ,, 

^1. Arenig group . ,, 


Feet. 

1900 

1600 

2500 

6000 

2000 

2000 


Lower Silurian. — The typical subdivisions in Wales and Shropshire will fimt 
be described, and afterwards the development of the series in other parts of Britain. 
It will be remembered that on the gi'ound of the palceontological evidence the Tre- 
madoc gi’oup (p. 921) might be most fitly placed at the base of the Silurian system, but 
that in deference to long established usage it has hem been retained in its old place 
at the top of the Cambrian series. We see in it the advent of the rich trilobitic fauna 
by which the Silurian formations are distinguished, the Asaphidm, Tiinucloidaj, 
Cheiniridce, and other tribes. Beneath it only a few graptolites are found, and hardly any 
cephalopods, but above it gi’aptolitos come in with extraordinary variety and number, 
and cephalopoda rapidly increase also in importance among the fossils. 

1. Arenig Croup. — These rocks consist of dark slates, shales, flags, and bands 
of sandstone, which pass down conformably into the Tremadoo gi*oup of the Cambrian 
series. They are abundantly developed in the Arenig mountain, where, as originally 
described by Sedgwick, they include masses of associated volcanic rooks. In their 
abundant suite of organic remains (Fig. 377) new genera of trilobites make their appearance 
{jEglimj Ba.rrmdicb^ Calym&ive, I{u7nalmotiis, I/lssiiopsiity Illstnm, Thacqps, Tlacopm'ia, 
Trinuclem). Pteropods are represented by species of Omuiaria and Ilyolithes; braohio- 
pods by Lmyiila^ LingiMla^ Momlolina (flbolclht), and Orthis ; lanicllibrancts by 
Paleaarcctt lUdmiicb^ and lUhciria ; gasteropoda by Ophilcta,^ PlmroicmmTia^ Bdlero^lhon^ 
and Maclurea; and cephalopods by Orthoceras. But the most abundant organisms are 
the gi’aptolites, of which no fewer than tw'enty gciieia have been found in the Arenig 
rocks of Britain. 

Professor Lapworth divides the Arenig group into two parts, a Lower and an Upper, 
and he states that in the lower part the genus Telmgrapfm (Fig. 376), is especially 


^ S. Weller, Joimi, GeoL vi. (1898), pp. 692-708. 

3 See Mui'chison’s ‘ Silurian System," and * Siluria * ; Sedgwick’s * Synopsis’ (cited p. 916) ; 
Bamsay’s “North Wales” iu Memoirs (}f Qeol, Surv. vol. iii. ; Btheridge, Address, 
Q. J. G, S, 1881 ; numerous local memoirs in the J. (f, S, and Geol Mag., particularly 
by Hicks, Ward, Hughes, Keeping, Lapworth, &c., to some of which reference is made iu 
Subsequent pages. 
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characteristic, and does not occur on any higher or lower horizon. Here he places the 
lowest Silurian graptolitic zone, that of Tetragraptm s&rra {hrymioides). The genera 
LoganograptuSf Clonograptus, SchkograpitLS, and JDichograptus are probably also peculiar 
to the same strata, as well as the species Didipnograptiis extensus, D. pennatvliis^ and 
the only known examples of Eatiograptiis, According to this classification, the upper 
part of the Arenig group (zone of BidymognipttLs hijidus) is especially marked by tire 
presence of Phyllograptus (Fig. 376), in association with forms of JDidyimgraptm like JD. 
UJidm, Species peculiar to it, besides the last-named, are D, minutus and some foims 
of Diplogi'apta, such as Climacograptus confeHus^ 

Hicks and others have recognised three divisions in the Arenig group— Lower, Middle, 
and Upper. The lower contains two genera found in the Tremadoo gi’oup below 
{Bidyograptus and Bcnclrograptus)^ and is also characterised by the presence of 
Bidymograptus cxtcimis, B. pennatidiia, PhyllograptiLS stclla^ and Trigmiogi'optus. The 
middle division is marked by Tetragraptiis T. qiiadribracMatus, &c., while the 

upper includes several species of BidymograyitiiB {B. hijidus, B. patulus, &c.), QUmaco- 
graptus confertus, and Biplogmptus dxivtatus.'^ 

Hicks proposed to construct a separate group under the name of “Llaiivirn,” 
by taking the upper pai*t of the Arenig {Bidymograptus hijidus zone) and lower poriion 
of the Llaudeilo rocks, making a total tliickness of about 2000 feet of strata near St. 
David’s in South Wales.® It is in this group of strata that the trilobites Acidaspis, 
Barrmdia, lllssnm, and Pliaeops make their earliest appearance. Sir A. C. Ramsay 
believed that in North Wales there is an uiiconformable overlap of the Arenig upon the 
Trcmadoc and older beds ; but in South Wales there does not a]>pear to bo any break."* 

A remarkable feature in the history of the Arenig rocks in Wales was the volcanic 
action during their formation, whereby various felsitic or rhyolitic lavas, with abundant 
discharges of fine ashes and coai’ser agglomerates, W’ere erupted over the sea-bottom and 
iuterstratified u ith the contempomneously deposited sediments, while more basic sills 
were subsequently injected imder the volcanic sheets. Some of the more important 
Welsh mountains consist mainly of these ancient volcanic materials — Cader Idris, the 
Arans, Arenig Mountain, and others.® 

2. Llandeilo Group. — These dark argillaceous and occasionally calcareous flag- 
stones, sandstones, and shales were first described by Murchison as occuriing at 
Llandeilo, in Carmarthenshire. They reappear near St. David’s, on the coast of Pem- 
brokeshire, and at Builth, in Radnorshire.® In the middle of them a seam of limestone 
(Llandeilo limestone) occurs, while intercalated igneous ro.cks are specially noticeable in 
the upper subdivision. It was at one time believed that graptolites were almost confined 
to this group. These fossils, now known to range from the Cambrian to the top of the 

^ Lapworth, Mag. Nat Hist. vol. vi. (1880), p. 197. 

Hicks, (?. J. (i. S. xxxL (1875), p. 171 ; Hopkiuson and Lapworth, ibid. pp. 634-637. 

® Pop. Science Rev. (1881), p. 289. 

^ “Geology of N. Wales,” Mevi. Oeol. Sw'v. iii. On the Arenig, Llanvim, and Llandeilo 
series of Caermarthen in South Wales, Misses Crosfield and Skeat, Q. J.' O. S. lil (1896), 
p. 523. 

® For descriptiou.s of tlie Arenig lavas and tufis consult tlie “Geology of N. Wales,” 
. already cited ; also G. A. Cole and C. V. Jennings, Q. J. G. S. xlv. (1889) ; Qeol. Mag. 
(1890), p. 447. Jennings and G. J. Williams, Q. J. G. S. xhii. (1891), p. 374. A. G. 
op. cit. Presid. Address, p. 106 ; and ‘ Ancient Volcanoes of Great Britain,’ vol. i. The 
Lower Silurian rocks of the Shropshire area (where the position of the Shelve quartzite Was 
recognised by Murchison) are described by Lapworth, Geol. Mag. 1887, p. 78 ; Proc. Geot. 
Assoc. 1894, p. 317. 

® The interesting volcanic series at Builth is described by Mr. H. Woods, Q. J. Q. S. 1. 
(1894), p. 566. Lower Llaudeilo lavas and tbe Llanvim fauna have been recognised by Mr. 
P. R. Cowper Reed at Fishguard on the Pembrokeshire coast, op. cit li. (1895), p. 149. 
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Silurian system, occur abundantly in tlie Llandeilo rocks, and present there a transitional 
character between the Areiiig types below aiul tliose in the Caradoc or Bala rocks above. 
In the lower portions of the group the most abundant genus is JJidymograpius, D, Murchi- 
soni (Fig. 876) being the characteiistic species (and serving to mark a graptolitic zone), 
accompanied by many of the Arenig species, together with new forms of Onjptograptm 
and Ghssoymptus. In the middle part of the gi*oup the D. Mnrehisoni becomes verj^ i*are 
and is associated with Diplograptiis foJiaecvs and QUmacogmiiHis Scharmhergi. In the 
Upper Llandeilo rocks graptolites of the type of Gnjptori raping triconiis and Clima^o- 
gmptus Schnreiibergi are abundant, also species of Gamograptus with DicrUoyraptas 
3 (‘ctaiis (zone of Go&nograpt'iis gradHtf). Tnlobites are characteristic fossils of the gi’oup, 
upwards of fifty species belonging to eighteen or twenty genera being known. These in- 
clude chai’acteiistic forms which do not range beyond the group, AsapJnts tgranmis 
(Fig. 378, 4) Galymem avmhrcnsiSi Trinnehus Zluydil (Fig. 378, 8) and T. being 
found in the lower subdivision, ami Zarrand in Gm'dai, CJicimnis Sedgwiekii, and Ogygia 
Buchii (Fig. 378, 3) in the upper. The brachiopods include the genera Acfrotreta, 
Graniat Discim, Siphonotreta, Leptaina^ LUigula^ OHhis, Plectamhonites, and StyopJiomnia, 
some of w’hich here make their first appearance. The himellibranchs are represented by 
species of Gardiola {C. mtrrmpla?) and MmUolopsU (JA c,qmnm, M, injlata\ the 
gasteropoda by Gycloncnvt^ Biiomphahis^ Mwrdiisoma, Plmrotonutrio^ Baphistoma^ 
BeUeropkoih, EcmliompJialuSi and Maduvea^ tlie pteropods by Gonularia and Jlyolitlics, 
the cephalopoda by Gyrtocents, OrihoccroHj and Budoccnts. 

3. Caradoc or Bala Group. — Under the first name were placed by Murchison the 
thick yellowish and grey sandstones of Gael* Caradoc in Shropshire, and the Hordorley 
and May Hill Sandstone. It was afterwards ascertained that the gi*ey and dark slates, 
grits, and sandstones de.scribed by Sedgwick as occurring round Bala in Merionethshire, 
and regarded )iy him as the higher part of his Cambrian system, were really slightly 
diflbrent lithological developments of the same stratigraphieal division. In the vShrop- 
shii'e area, some of the rocks are .so shelly as to beconm strongly calctireous. In the 
Bala district, the strata contain two limestones separated by a sandy and slaty group of 
rocks 1400 feet thick. The lower or Ikla limestone (25 feet thick) has been ti*aced as a 
variable band over a largo area in North Wales. It is usually identified with the 
Oouiston limestone of the Westmoreland region. The upper or Hirnant limestone (10 
feet) is more local. Bands of volcanic tuff and largo beds of various felsitie lavas occur 
among the Bala beds, and prove the contemporaneous ejection of volcanic products. 
These attain a thickness of several thousand feet in the Snowdon region.^ 

A large suite of fossils has heon obtained from this gi*ou]) (Fig. 379), The sponges 
are represented hy a few forms {Adylospongia), The graptolites are strongly differen- 
tiated from those of the Arenig rocks by the entire abseuco of Dichograptid© and 
Phyllograptid©. The Diplograi)tidfe, feebly representcid in the Arenig jmd Lower 
Llandeilo groups, are now, as Professor Lapw’orth i>oints out, the dominant forms, 
occurring in swarms in every zone. The two genera iJiplogrttplua and OUmaco- 
graptm are especially abundant. Tim following successive zones, each marked by the 
prevalence of its own species of gi*aptolito, have been observed by Professor Lapworth 
in ascending order: (1) zone of Gliumcogi^aptus IVUsimif (2) zone of Dimmograpkis 
Glingani^ (3) zone of Pl&itrogniptus Hneariaj (4) zone of JJiceUograpUis mnplanatus^ (6) 
zone of DMhgrapt'iLS aiiceps. The same observer remarks upon the extraordinary 
•extinction of families, genera, and species of graptolites during the period of the Oaradoo- 
Bala rocks. “The entire families of the Dicranograptidee, Leptogiuptidae, and Lasio- 

^ For accounts of the volcanic phenomena of the Caradoc-Bala series of Wales, see 
Ramsay’s ‘Geology of North Wales,’ already cited. A. Htirker’s ‘Bala Volcanic Series of 
■Canarvonshire,’ being the Sedgwick Prize Essay for 1888. F. Riitley, Q, J. G. S. xxxv. 
{1879), p. 508. W. W. Watts, op, cit. xli. (1885), p. 682. A. G. vol. xlvii. (1891), Presi- 
Hleutial Address, p. 117 ; ‘Ancient Volcanoes of Groat Britain,’ chap. xiii. 
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graptidee disappear from sight altogether. The only families that su^vi^'e into the 
Llandovery rooks are those of the Diplograptidse and Retiolitidse, and these only in a 
very degenei’ate form.’* Yet it is remarkable that it was during Camdoc time that 
the Dicranograptidse and Leptograptidfie attained their highest development.^ 

To the conditions that allowed the deposition of limestone bands in this group we 
doubtless owe the presence of upwards of 40 species of corals belonging to Alveolites, 



Fig. 879.— Group of Oaradoc Fossils. 

a, Porambonites iutercedens, Pander ; Ortliis himantensis, McCJoy ; c, Lingula lougissima, Pander (?> 
d, Stropliomeua grandis, Sby. ; c, Ortliis plicata, Sby ; /, Ortbis calligrainma, Balm. ; g. Crania di- 
varicata, McCoy; 7t, Triplesia (?) maccoyanu, Bav. ; i, Atrypa (?) Headli, Billings (f); j, Atiyi)a 
maiginalis, Dalni. ; Tt, Discina oblongata, Fortl. ; Z, Ainbonycbia prisca, PortL ; m, Paltuaiva 
billlngsiana, Salt. ; n, Rlijmcbouella uana, Salt ; o, Cleidophorus ovaJis, McCoy. 

CtjaHiophyllim, Favosites, EaZysites, HcUoUtes, Moiiiimlipm^a, &o. The echinoderms 
are represented by crinoids of the genera CyMocrinua and Glyptocfrinus ; by numerous 
species of cystideans {EcMno^Thseo^ites, Sphmronites, Agdacrinites, Hemicos^nites, &c.) ; 
by brittle-stars {Protaster), and by star- fishes of the genera PalssaMer and Stenastcr ; the 

^ Lapworth, Ann, Mag, Nat, Hist, v. (1880), p. 368 seq. 
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annelids by Sej-pulites^ and numerous burrows and tracks ; the trilobites by species of 
Acidaspis, Ampjjx, Asaphus^ Calymcfiie, Cheiminis, Gyhelc, Encrimi'i'us, 

ElamiSi LichaSi Pliacops^ Ecmopleurides^ TriimcUiis; the ostracods by BeyrkMa^ 
Leperditia, Oythere^ Primitia^ and Entomis; the polyzoa by Fen^tella, Gla%icon(ynie, 
PtilodictTja, and Phyllopora ; the braohiopods by Atrypa^ Menstclla, Lcptmim, Ortliis, 
PlcctamJ)oniteSt Slrophovmia, Crania, TrematU (Dkcma), and Liwjula; the lamelli- 
brauclis hj Ctenodorvta, Orthonota, Modiolopsis, Pterinea, Amhonycltm, Palmtrca; the 
gasteropods by Murchisoiiia, Plenrotomaria, Eaphistoma, Cyclone ma, Cyrtolitcs, Eolopssa, 
Eolopdla, Pelhrophon, EcaiiUomphaluSi and Macliirea ; the pteropods by Tcnfaculites, 
Conularia, and EyoUthes; and the cephalopoda by the genera Oiiilmeras, Cyn^toceraSf 
TrochoUtes {Litnites\ &c. 

The Lower Silurian rooks, typically developed in Wales, extend over much of 
Britain, though largely buried under more recent formations. They rise into the hilly 
tracts of Westmoreland and Cumberland,^ where they consist of the following 
subdivisions in descending order : — 


Coiiiston Limestone series with the Ashgill 
shales above the limestone and the Bufton 

shales below it 

Borrowdale volcanic series (gi’een slates ainl 
porphyries) : tuffs and lavas 'without ordi- 
nary sedimentary strata except at base, 
12,000 ft 

Skiddaw Slates, 10,000 or 12,000 ft., base 
not seen 



Bala beds. 


Part of Bala, whole of Llandeilo, 
and perhaps part of Arenig 
groups. 

Arenig group, with perhaps Ti‘e- 
inadoc Slates and Lingula Flags. 


Apart from the massive intercalation of volcanic rocks, these strata ju'esent con- 
siderable lithological and paleontological differences from the typical subdivisions in 
Wales. The Skiddaw slates are black or dark-gi’ey, argillaceous, and in some beds 
sandy rocks, often much cleaved, though seldom yielding workable slates, sometimes 
soft and black, like Carboniferous shale. As a rule, they are singularly unfossiliferous, 
but in some of their less cleaved and altered pox'tions, they have yielded JAny^Ua trmVf, 
traces of annelids, a few trilobites (yEglimt Jg7iostV8, Amphm, &e.), some pliyllocaxnds 
(Cai'ydaris), and remains of plants (V) {Bi/fholrepMs, &c.). But their most abundant 
and ohai’acteristic fossils are graptolites, of which 59 sixecios have been detennined. 
These organisms indicate that, wliile the main mass of the slates may be regarded as 
of Arenig age, the lowest parts of the series, where Bryngraptus and Clomgraptusfmdhifi 
are found, probably belong to 'the Tremadoc group ; the highest portions, containing 
Diplograptm, Didyniograptm, Phicoparia, &c. appear to represent the lo'svor X)art of the 
Llandeilo (Llanvirn) series of Wales. Of the ■whole of this graptolitic fauna 14 species 
are found in other parts of Britain, 25 occur in the Quebec group of Canada, and no 
fewer than 34 are common to the Skiddaw slates and to the Loxvor Silurian series of 
Sweden.® These slates, as already meutioiiod (p. 779), have been invaded by granite and 
other eruptive rocks, and have undergone marked coiitiict-metumorphisin. 

Towards the close of the long period represented by the Skiddaw slates, volcanic 
action manifestod itself, first by intermittent showers of ashes and streams of lava, which 
were interstratified with the ordinary marine sediment, and then by a more powerful 
and continuous series of explosions, whereby a huge volcanic mountain or group of cones 
was piled up above the sea-level. The vast pile of volcanic material (estimated at some 
12,000 feet in total thickness) consists entirely of lavas and ashes without the interstrati 


^ Sedgwick’s ‘Three Letters addressed to W. Wordsworth,’ 1843. J. 0. Ward, “Ueology 
of the North Part of the English Lake District” (Geological Sntvey Memoir)^ 1876. Nichol- 
son, ‘Essay on the Geology of Cumberland and Westmoreland,* 1868. See also papers by 
Harkness, Nicholson, Hughes, Marr, and others in Q. J. G. S» and Geol, Mag. 

® Miss Q. L. Elies, Q. J. G. S liv. (1898), p. 526. See also Mr. J. Marr, Qeol. May. 
1894, p. 122. 
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fication of ordinary sediment except at the base and the top. The lower lavas are varieties 
of andesite, which are also met with in the central and higher parts of the Borrowdale 
volcanic series, while rhyolitic felsitea were specially poured out towards the close of the 
volcanic period. Enoi-mous quantities of fine volcanic ashes were likewise discharged. 
These various volcanic rocks form the picturesque hills of the Lake District.^ The length 
of time occupied by this volcanic episode in Cumbrian geology may be iufeiTed from the 
fact that all the Llandeilo and a large part of the Bala beds are absent here. The volcanic 
island slowly sank into, a soa wherein Bala organisms flourished. In some places a 
group of shales occasionally 800 feet thick, and known as the Dufton shales, overlies the 
Borrowdale series, and contains among other characteristic species Stropliomena eo^pansa^ 
Plectamhmiites {Lepts&-iict) sericea. Trinucleus concentrieu^^ Eomalonotus hisulcatusy 
Illseiius BowniannL The most marked rock of the overlying series is the Coniston 
limestone,® which has yielded such familiar Bala species as Monticulipora {Favosltes) 
fibrosay Heliolitcs interstinctus, Cyhele veri'ueosay Plectamhonitcs {Leptacna) sericea, Orthis 
ActonisBy 0. hiforatay 0. calligramma, 0, elegautultty 0. porcaia, and Leptsena 
{Strcphmnena) rhomhoidalis. These organisms and their associates, gatheiing on the 
submerged flanks of the sinking volcano, before the eruptions had finally ceased, 
formed there the limestone now' traceable for many miles through the Westmoreland 
hills, like the Bala limestone of N'orth Wales, which, as already stated, it probably 
represents. The Coniston limestone is overlain by a conformable group of argilla- 
ceous stmta (Ashgill shales) containing Trinwleus concentrimsy Phacops apicnlaius, 

P. muermrdusy StropTiohiemi silurmmy and other Lower Silurian fossils. Not far to the 
east, at the base of the great Pennine escarpment, contemporaneous volcanic rocks in 
the Coniston series are well developed.*’ But the enormous volcanic gi*oup of Westmore- 
land and Cumberland dies out rapidly in that direction, for in the Craven district it is 
represented by a series of sandstones, grits, and slates (often green), probably 10,000 
feet thick, which passes up conformably into the Coniston limestone series.^ The most 
interesting feature of the Crossfell inlier is the occurrence of an isolated mass of lime- 
stone at Keisley, which has yielded a large and peculiar assemblage of fossils, that show it 
to belong to the base of the Upper Bala or Caradoc rocks, and to represent in a mofo 
complete form a zone which is elsew'hero absent or only feebly developed in Britain. 
Among these organisms trilobites are specially prominent, no fewer than 17 genera and 
43 species having been obtained, lllmnmy CheinmiSy Lidias and Harpes are each 
represented by a number pf species. The brachiopods are likewise numerous, particularly 
species of OrthiSy Pafinesquinaj Plectamhonites and Atiypa, and the corals include ffaly^ 
sites catcnuhiriay Mmiticiilipora fibrosa, FavosUcs alveolai'is, and Streptclasfina europmimJ’* 

The Southern Uplands of Scotland are formed almost wholly of Lower and Upper 
Silurian strata which have been thrown into innumerable plications, often overthnist 
and reversed. The unravelling of this complicated structure has been made possible 
chiefly by the evidence from certain zones of graptolitic shales, so well w'orked out by 
Professor Lapworth, and the whole region has since been mapped in detail and de- 
scribed by Messrs. Peach and Homo, of the Geological Survey.® The Arenig division 

^ On the volcanic geology of this region consult J. 0. Ward in the work above cited. 
A. G., Presid. Address, Q. J, G, S, 1891, p. 137 ; ‘Ancient Volcanoes of Great Britain,’ 
vol. i., and authors there given. Also W. M. Hutchings, Oeol. Mag. 1892, pp. 164, 218. 

® On this limestone see Marr, Geol. Mag. 1892, pp. 97, 443. 

3 Harkuess, Q. J. G. S. xxi. (1865), p. 286. Nicholson, Geol. Mag. 1869, p. 213. 
This “Crossfell inlier" has been described by Messrs. Nicholson, Marr, and Barker, 

Q. J. G. S. xlvii. (1891), p. 600. 

Hughes, Geol. Mag. iv. (1867), p- 346. This area had previously been described by 
Sedgwek, Trans. Geol. Soe. (2) iii. p. 1 ; aard by Phillips, Q. J. G. S. viiL p. 35. 

® P. R. Cowper Reed, Q. J. G. JS. lii. (1896), p. 407 ; and liii. (1897), p. 67. 

® Lapworth, in the papers cited on p. 965. B. N. Peach and J. Home, “The Silurian 
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is represented hy cherts containing radiolaiia, mudstones, nud grey shales, which in 
the central and northern parts of the region are associated with fine volcanic tuffs. 
In Ayrshire and the south-western districts, where the volcanic constituents attain a 
gi*eat development, they consist of basic lavas (diabase, &c.), with intercalated tufts and 
agglomerates. A characteristic feature of these lavas is the development of ellipsoidal 
or pillow-structure in them (pp. 136, 306). This volcanic platform appears to under- 
lie the Silurian region over an area of at least 2000 square miles, inasmuch as it comes 
to the surface wherever the crests of the anticlines bring up sufficiently deep parts of the 
formations. It is thus one of the most extensive as well as one of the most ancient 
volcanic tracts in Europe. The fossils include l^etragraptics (6 species), l>icJiogr(i})t-m 
(4), Dklyimgraptus (4), THgonograptus (1), Phyllograptus (1), Demlrograptus (1), 
Olinmcogmptus (1), and Dktyonemm (1) ; Caryocaris W'fightii, ArrotheU (2 species), 
Acrotreta (2), Kutorgina (2), Lingula {\\ Linguldla (3) ; Linnarssonia (2), Obolella (3), 
with the glass-rope sponge Hyalostelia and annelid jaws referred to Araldlitcs. 

T!ie Uandeilo division is generally represented in the lower ^Mirt by radiolarian cherts 
and mudstones, which immediately overlie the Arenig rocks ; in the upper part by 
greywackes and shales, including the Glenkiln Black Shales, bands of red nodular chert, 
with courses of red and green mudstone, fine volcanic tuffs, massive grey and black 
cherts and occasional black shales containing Upper Llandeilo graptolites — Steplmnogn'aptns 
{Cosnograptm) gi'ad,Us^ the zonal form, with (2 species), Tliavinograptm (2), 

Clathrograptus (1), Dicranograptus (7), Dieellogi'aptm (6), Leptogiuptm (1), Diplograpttus 
(6), Cryptograptus (1), Glomep'aptm (1), Laawgmpins (2), Climacogi'aptus (3), Cmnjnoitles 
(2), Acrotreta, AcrothcU, Siphonotreta, Diacim, JLyaloatcUa, and 22 species of radiolaria 
which abound in some of the bands of chert. In the Girvan district of Ayrshire, where 
a portion of the Llandeilo formation is absent and the remaining part lies unconformably 
on the Arenig cherts, massive conglomerates appear together with a thick limestone 
(Stinchar) and graptolitic mxidstoues. The limestone has yielded a large assemblage of 
fossils, conspicuous among which are nodules of QirmiieMa (probably related to the 
calcareous algte), abundant corals, of which no fewer than 17 genera have been detected ; 
Sinuroerous articulate brachiopods {Loptma, 9 species ; Strophominci., 9 ; ItJnjiiclionclltt, 

' 11 ; Orthis, 16 ; together with a few lamollibranohs, some gasteropoda {Madnrat, 
Oph'Ueta, Murchisonia, FlcarotO'maricc), and species of the cephalopods Orthoceraa, 
Oyrtoceras, and TroclwliUa, 

The Oaradoo division in the central part of the region is represented by an upper 
group of green and gi’ey mudstones with black shales, foiming the Upper Hartfoll Shales, 
and divided into an upper zone of DiceUograptua ancopa, DiplograptnJt tmncaim, and 
Olhmcograptm scalaria, a middle hand of nuidstonq (unfossiliferous “ Barren Mud- 
stone”) and a lower zone of JDicellograpfua complanatua, and l)i dyoncnia w offatemris. The 
lower group consists of a band of black shales about 60 feet thick, fonning the Lower 
Hartfell Shales and containing the following zones in descending order : at the top, the 
zone of PUnrograptm linearis, with Leptogi'aptus flaccidus, Diplograptna folimeaa, 
QUmcKograptm tuhuliferits; in the centre, the zone of Dicranogvaptm Olvujani, withiA 
ramoaua, Climacograptna amidatus, C. bicomia, DiccXlograptua Eorchhavmcri ; at the 
bottom, the zone of Olimacograptus IP^ilsoni, with Cryptograptus trlcomia, iJiplograptua 
rugoana, Lctslograptus Ifarknessi, CUmacograptus ScJurrcnhergi. In Ayrshire the 
Oiiradoc strata present themselves in a wholly different condition. They are mnch 
thicker and more varied in their lithological character, and they comprise a much more 
diversified fauna, but among the fossils the distinctive graptolites occur which serve to 
show the parallelism of those strata with the much thinner series of the Moffat region. 

Reference has already been made (p. 797) to the occurrence of a bolt of what appear 
to be rocks of Arenig age, wedged in along the border of the Scottish Highlands. These 


Rocks of Britain ; I. Scotland,” in Mevi., QeoU Surv, 1899, — a detailed monograph on the 
geology, petrography, and paloaontology of the whole region. 
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rocks consist of i*adiolarian cherts or jaspers and slates, associated with basic ellipsoidal 
lavas (diabase). They present so close a resemblance to the Arenig band of similar 
rocks in the Southeni Uplands as to afford strong reason to regard them as probably also 
of Arenig age. The radiolaria are not, however, sufficiently well preserved to admit of 
satisfactory comparison with those of the Arenig and Llandeilo cherts already referred 
to. This baud of rocks has been ti*aced along the margin of the Highland schists across 
Scotland into the island of Arran. It appears to be prolonged into Ireland and to 
expand there into a broad tract in county Tyrone. It is associated in Kincardineshire 
with a younger group of argillaceous and calcareous strata (“Margie series ”). There 
can be no doubt that these rocks have suffered from the latest plication of the region, 
and they suggest that possibly some pai’t of the Central Highlands may consist of 
altered Silurian sediments and igneous rocks, as we know that in the north-west both 
Cambrian and pre-Cambrian sedimentary mateiials have gone to the construction of the 
crystalline schists of that region."^ 

In the north-east of Ireland a broad belt of Silurian rocks, crossing from the south- 
west of Scotland, runs from the coast of Down into the heart of the counties of Ros- 
common and Longford. It is marked by the same gi’aptolitic zones that occur in 
Scotland. The Glenkiln shales with their typical Llandeilo graptolites are found to 
the south of Belfast Lough, while the Hai*tfell shales with their Caradoc fossils have 
also been observed.^ The richest fossiliferous localities among the Irish Silurian 
rocks ai*e found at the Chair of Kildare,® Portrane near Dublin, Pomeroy in Tyrone, and 
Lisbellan in Fermanagli, where small proti'usions of the older rocks rise as oases among 
the siiri’oundiug later formations. Portlock brought the northern and western localities 
to light, and Murchison pointed out that, while a number of the trilobites {Trimedeus, 
PJiacoj^f Calymenc, lUsenus)^ as well as the simple plated Oi’thidoe, Leptmnse, and 
Strophoraenae, some spiral shells, and many Orthocerata, are specifically identical with 
those from the typical Caradoc and Bala beds of Shropshiie and Wales, yet they are 
associated with peculiar forms, first discovered in Ireland, and veiy rare elsewhere in 
the British Islands. Among these distinctive fossils ho cited the trilobites, Eemoplcu- 
rides, Harpes, Amplmn, and Broid&ws, with smooth forms of Asaphiis {Isotchis), which, 
though abundant in Ireland and America, had seldom been found in Wales or England, 
and never on the continent. To the north of the broad Silurian belt which crosses 
the island lies the tract in Tyrone, above referred to, where a remarkable series of cherts 
and jaspers like those of the Arenig group in the south of Scotland, is associated with 
a great development of ellipsoidal lavas, tuffs, and agglomerates, together with shales, 
grits, and limestones like those of the “Margie Series*' of Kincardineshire. In the 
south-east of Ireland a large tract of Lower Silurian rocks extends through the counties 
of Wicklow, Wexford, and Waterford. In this area also the Llandeilo and Caradoc 
graptolitio zones occur. Even as far south as the southern coast-line of Waterford 
black shales continue the physical aspect of the Glenkiln shales, and contain some of 
the same graptolites.® We have thus evidence that the black carbonaceous mud in 

^ A^invAL E^orts of Qeol, Sfiireey for 1893, 1896, and 1896 ; Sammry if Progress of 
QeoL Surv. for 1899, p. 67. ‘Ancient Volcanoes of Britain,’ vol. i. p. 240. G. Barrow, 
Q, J. Q. S. Ivii. (1901), p. 328. 

• W. Swanston, Trans. Belfast Nat. Field Glul, 1876-77. Lapworth, Mag. Nat. 
Hist. iv. (1879), p. 424. 

® See the recent detailed account of this locality by Messrs. Reynolds and Gardiner, 
Q. J. Q. S. lit (1896), p. 687. The same geologists have also subsequently studied the 
Portrane inlier {op cH. liii. 1897, p. 520) ; and Lambay Island (liv. 1898, p. 135). The 
Balbriggan district has been described by W. Andrews, Geol. Mag. 1899, p. 395. 

^ ‘Siluria,* p. 174. The upper portion of the Pomeroy section has yielded Llandovery 
graptolites, so that the strata there are partly Lower and partly Upper Silurian. 

® The geology of the Waterford coast was described by Jukes and Du Noyer in the 
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which these graptolites lived spread over the sea-floor foi’ a distance of at least 300 
miles. 

TJitek Silurian. — Wales and Shropshire. — This series of rocks occurs in two 
very distinct lithological types in the British Islands. So great indeed is the contrast 
between these types, that it is only by a comparison of organic remains that the whole 
hhs been grouped together as the deposits of one geological period. In the original 
Shropshire region described by Murchison, and from which his type of the system was 
taken, the strata are comparatively flat, soft, and unaltered, consisting mainly of some- 
what incoherent sandy mudstone and shale, with occasional bands of limestone. But 
as these rocks are followed into North Wales, they are found to pass into a thick series 
of grits and shales, so like portions of the hard altered Lower Silurian rocks that, save 
for the evidence of fossils, they would naturally be grouped as part of that more ancient 
series. In Westmoreland and Cumberland, and still farther north in the border counties 
of Scotland, also in the south-west of Ireland, it is the North Welsh typo which prevails. 
This type, therefore, is really the ]trevalentonein Biitain, extending over many hundreds 
of square miles, while the original Shropshire type hai*dly spreads beyond the border 
district between England and Wales. 

Taking first the oiiginal tract of Siluria (W. England and E. and S.E. Wales), we 
find a decided unconforinability separating the Lower from the Upper Silurian deposits. 
In some places the latter .steal across the edges of the former, group after grouj), till 
they lie directly upon the Cambrian rocks. Indeed, in one district, between the Long- 
mynd and Wenlock Edge, the base of the Upper Silurian rocks is found within a few 
miles to pass from the Caradoc group across to the Longmyndiau rocks. It is evident, 
therefore, that in that region very great disturbance and extensive denudation preceded 
the commencement of the deposition of tlie Upper Silurian rocks. As Ramsay pointed 
out, the area of Wales, previously covered by a wide though shallow sea, was ridged up 
into a series of islands, round the margin of which the conglomerates at the base of the 
Upper Silurian series began to be laid down. This took place during a time of 
submergence, for those conglomeratic and sandy strata are found creeping up the sloi)Os 
and even capping some of the hills, as at Bogmiuo, where they reach a height of 1150 
feet above the sea. Tlie subsidence probably continued during the whole of the interval 
occupied hy the deposition of the Upper Silmnan strata, which were thus piled to a 
depth of from 3000 to 5000 feet over the disturbed and denuded platform of Lower 
Silurian rocks. 

AiTangedin tabular form, the subdivisions of the Upper Silurian rocks of Wales and 
the adjoining counties of England are in descending order as follows : — 

Base of Old Red Sandstone. 

'Tilestoues. 

Downton Castle Sandstone, 90 feet. 

Ledbury Shales, 270 feet 
Upper Ludlow Rock, 140 feet. 

Aymostry Liniostone, up to 30 or 40 feet. 

.Lower Ludlow Rock, 360 to 780 feet. 

Wenlock or Dudley Limestone, 90 to 300 feet. 

Wenlock Shale, up to 1900 feet. 

Woolhope or Barr Limestone and Shale, 150 feet. 

Taranuou Shales, 1000 to 1500 feet. 

Upper Llamhavry Rouks and May Hill Sandstone, 800 feet. 

Lower Llamlovery Rocks, 600 to 1.500 feet. 

1. Llandovery Group. — The most marked lithological character of this group in 
Britain is the occurrence of conglomerates which indicate the terrestrial disturbance 

Geological Survey Memoir on Sheets 167, 168, 178, and 1 79 (1866), Ireland. A. G., ‘Ancient 
Volcanoes of Groat Britain,’ voL i. The ground has recently been studied by .Mr. F. R. C. 
Reed, L <?. S. Iv. (1899), p. 718 ; Ivi. (1900), p. 657 ; GeoL Mag, 1897, \\ 620. 


3. Ludlow group. 

* 2. Wenlock group. 

1. Llandovery group. 
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aiul extensive deiindatiou that followed the close of the deposition of the Lower Silurian 
rocks. 

(a) Lower Llandovery, — In North Wales, the Bala beds, about five miles S.E. of Bala 
Lake, begin to be covered with grey grits, which gradually expand southwards until in 
the Rhayader district of Radnorshire they attain a thickness of 1830 feet. These 
overlying rocks are well displayed near the town of Llandovery, where they oontaih 
some conglomerate bands, and where Mr. Aveline detected an unconformability between 
them and the Bala group below them. Elsewhere they seem to gi’aduate downwards 
conformably into that group. They cover a considerable breadth of country in Cardigan 
and Carmarthenshire, owing to the numerous undulations into which they have been 
thrown, and they extend as far as Haverford West in Pembrokeshire. A marked change 
is now visible in the fossil contents of the rocks, as compared with those of the Lower 
Siliuian subdivisions. Thus the familiar Lower Silurian types of trilobites become few 
or extinct, such as Agiiostiia^ Ampyr, Amphus, Ogyyia^ RcmopleurideSf TrimicleiiSf and 
their places are taken in Upper Silurian fonnations by species of Addaspis, Eiicrinurus, 
Phacops, Proehis, and other genera. A still more striking contrast occurs among the 
types of graptolites. The families of the Dicranograptidce, Leptogi’aptidse, and 
Lasiograptidffi ■wholly disappear, and thefomis which now take their place and distinguish 
the Upper Silurian rocks belong to the Monograptidce, which gi*adnally exclude the 
Diplograptidpe, until before the higher parts of the system are reached they are the sole 
representatives of the graptolites. Three gmptolitic zones have been recognised in the 
Lower Llandovery group, viz. in ascending order : (1) PiplograptuB acuminahiSf 
(2) Diplograpius resi&idosiiSt (3) Monograptvis grcgariiis. Besides these species, 
Momgmptus tennis, M. attenuatus, M. eremclaiis, M. loHfcms, Clvniacograptus 
xindidatus, C, normcdis and C. reciangularis are common Lower Llandovery forms. 
Other characteristic fossils are OHhis elegantula, 0, testudinaHa, StHeklandinia 
{Pentamerus) lens, and Menstella crassa. From the abundance of the peculiar brachiopods 
termed Pentanurus in the Lower, but still more in the Upper Llandovery rocks, these 
strata w'ere formerly grouped together under the name of “Pentamerus beds *’ (Fig. 380). 
Though the same species are found in both divisions, Pentamerus oblangus is chiefly 
characteidstic of the upper group and comparatively infre(iuent in the lower, while 
Stricklandia (P&ntamerus) lens abounds in the lower, but appears more sparingly in 
the upper. The genus ascends into the Wenlock and Ludlow groups, and is specially 
distinctive of Upper Silurian rocks. ^ 

(&) Upper Llandovery and May Hill Sa/ndstone. — ^Tliis sub-group has received the 
name of May Hill Sandstone from the locality in Gloucestershire where, as first shown 
by Murchison, it is well displayed. Sedgwick pointed out that it forms over a wide 
region the natuml base to the Upper Silurian series, for it rests uuconformably on all 
older rocks. It consists of grey, yellow, and brown ferraginous sandstones and 
conglomemtes, sometimes calcareous from the abundance of shells, which are apt to 
weather out and leave casts. Where the organisms have been most crowded together 
the rook even passes into a limestone (Pentamems limestone, Norbnry Limestone, Hollies 
Limestone). The low^er members are usually strongly conglomeratic, the pebbles being 
derived, sometimes in great part, from Lower Silurian rocks. Appearing on tlie coast 
of Pembrokeshire at ]\Iarloes Bay, this sub-gi*oup ranges across South Wales until it is 
overlapped by the Old Red Sandstone. It emerges again in Carmarthenshire, and trends 
north-eastward as a narrow strip at the base of the Upper Silurian series, from a few 
feet to 1000 feet or more in thickness, as far as the Longinynd, wkere, as a marked 
conglomerate wrapping round that ancient ridge, it disappears. In the course 

^ Tlie Lower and Upper Llandovery rocks of Central Wales have recently been the 
subject of an exhaustive stratigraphical and paleontological study by Mr. H. Lapworth, w];^o 
has unravelled their succession and recognised among them their characteristic graptolitic 
zones, Q. J. G. B. Ivi. (1900), pp. 67-135. 
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of this long tract it passes succossivelj’’ ami iinconformably over Lower Llandovery, 
Caradoc, Llaudeilo, Cambrian, and pre-Cambrian rocks. ^ 

Among the fossils are traces of fucoids and sponges ; numerous grapt elites {Mono- 
(p^aptiis Sedgwickii, M. Oluigani, 31. spiralis, M, comoliUm, M. Proteus, 31, lobifmts, 
Climacograptmiiormulis, Piplograptus HugJLcsii, D. simiatus, D-idyonmia eomigatcJhm, 
*D, dclicatulum, Ualyptograptiis digUai\(s, Pctiolites pcrlatus) ; a number of corals 
{^Liiidostreemia, Heliolites, Pavosites, SalysUes, Syringoporci, Ac.) ; a few crinoicls and 
sea-urchins {PalBccekinus) ; the pteropmt TeiitacuHtes (particularly abundant) ; a number 
of tiilobites, ot which Phacops caudatus, P, Stokcsii, P. JFeavcri, Pmriuui’^is j)U')ictatics, 
Calymene Blunienhachii, PrdStus Stokesii, and Illscn'iis Thomsani are common ; numerous 
brachiopods, as Atrypahcmisplieriea, A. rcMculans, Pentamerus oblongus, Stricklundinia 
liraUi, lens, Plectamhonites transversalis, OrtJiis calligrct^ivucc, 0, clegaiitula, 0. T'cversa, 
Stropkomena. comprcssa, S. [Orthotkctcs) ppctcu , [indLingu^c^ parcdlela; lamollibranchs of 
the mytiloid genera Orthonota and Ifodiolopsis, with forms of Ptcrinm, Ctenodo'iUa, and 
Lyrodesuiu ; gasteropods, particularly the genera Rcvphistoiua, 3furcIiiso)vicb, Plexiroto- 
maria, Gyclonema, HoJopella, and the species Bcllerophon dilafxdiis, B. trilobatus, and 
B. cariwitiis ; and cephalopods, chiefly Orfhoeeras, with some forms of Actinoeeras, 
Cyrtoccras, 2Vctocercts, and Pliragnioccras, and the old species Trochoeeras {TAtuUes) 
cmiu-arictis, 

(c) Turannon Shale. — Above the Upper Llandovery beds comes a veiy persistent 
band of fine, smooth, light grey or blue slates, which has been traced from the mouth 
of the Conway into Carmarthenshire. These strata, termed the “paste -rook” by 
Sedgwick, have an extreme thickness of 1000 to 1500 feet. Poor in organic remains, 
their chief interest lies in the fact that the persistence of so thick a band of rock 
between what were supposed to be continuous and conformable formations should have 
been unrecognised until it was proved by the detailed mapping of the Geological Survey. 
The occurrence of certain species of graptolites affords a palajontological basis for placing 
on this horizon a considerable mass of .slaty and gritty strata in Cardigansliiro, and for 
identifying these and the typical Tarannon Shales with their probable equivalents in 
the Lake District and in Scotland. The following graptolitic zones in ascending order 
have been determined in the Tarannon rocks : (1) Itastritcs ma.eivi'us, (2) 3fonograptus 
ea.iguiis, (3) Cyrtograpitis Grayse. Prom the “Pale Shales ” of Rhayader, which lie on 
the same horizon as the Tarannon Shales, Mr. H. Lapworth has obtained a large 
number of graptolites, including 3£<mograptu8 e,Hgmi>s, 3£. discus, 31. nudus, 3f. priodon, 
3r. Beoki, 3d. crassus, 31. jaaulmn, 3t. pamlus, 31. involiitus, 31. Sedgwickii, 31. lohiferus, 
Rctiolites obmis, liastrites distans, Petalocfmpt'u^ pnhncm, 

2. Wenlock Group. — This suite of strata includes the larger part of the known 
Upper Silurian fauna of Britain, as it has yielded more than 160 genera and 600 
species. In the typical Silurian area of Murchison, it consists of two limestone bands 
(Woolhope and Wenlock), separated by a thick mass of shale (Wenlock Shale). The 
following sub-groups in ascending ox'der are recognised : — 

(a) W oolhope Lvnestone. — In the original typical Upper Silurian tract of Shropshire 
and the adjacent counties, the Upper Llaiidoveiy rocks are overlain hy a local group of 
grey shales, containing nodular limestone which here and thex'o swells out into beds 
havixig an aggregate thickixoss of 80 or 40, but at Malvern as much as 150 feet. These 
strata are well displayed in the picturesque valley of Woolhope in Herefordshire, wdiiclji 
lies upon a w’onx (pxd-quft-verBal dome of Upper Silurian strata, rising in the midst of 
the surx’omiding Old Red Sandstone. Tliey are seen likewise to the north-west, at 
Presteign, Nash Scar, and Old Radnor in Radnorshire, and to the easf and south, in tlie 
Malvern Hills (where they inclu de a great thickness of shale below the limestone), and 

^ For a recent account of the Llandovery rocks and fossils of the Conway district see Misses 
G. L. Elies and E. M. R. Wood, Q. J, G. S, lii, (1896), p. 273. These rocks in the Rhayader 
district have been admirably worked out by Mr. H. Lapworth in the paper above cited. 
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May Hill in Gloucestershire. Among the common fossils of these strata may be men- 
tioned Illmim {Bumastus) harriensis, Rmnalo'iiotits delphinoeephaliiSf Phacops caiidafm, 
Encriiiurus pundcUus, Addaspis BngMii, Atrypa reticularis^ OHhis calligramma, 
Strophomena {StropTicodonta) ivibrex, S, {Strophonella) euglypha, PUdambonitcs trans- 
versalis^ RhynchoTLella {Carmroimkia f) horealis, B. ( JFilsmia) Wilsoni, OmpTicdotrochus 
(Eiiomphal'us) smlptus, Orthocsras annulaUm, 

It is a feature of the older Palseozoic limestones to occur in a very lenticular form, 
swelling in some places to a great thickness and rapidly dying out, to reappear again 
perhaps some miles away with increased proportions. This local character is well 



^"ig. 380.— Group of Pentameri from Llaiidoveiy and Wenlook Rocks, 
a, Pentanierus oblongns, Sby. ; t, P. galeatus, Dalin. ; c, P. Kniglitii, Sby. ; d, P. oblongiis, Sby. ; c, P. 
rotiindus, Sby. (?) ; /, P. Kniglitii (small si>ecimen) ; p, P. lingnifer, Sby. ; A, P. midatus, Sby. 


exhibited by the Woolhope limestone. Where it disappeai*s, the shales underneath and 
intercalated with it join on continuously to the overlying Wenlock shale, and no line 
for the Woolhope sub-group can then be satisfactorily drawn. The same discontinuity 
is strikingly traceable in tlie Wenlock limestone to be immediately referred to. 

(6) Weiiloch Shale. — ^This sub-gi’oup consists of gi’ey and black shales, traceable from 
the banks of the Severn near Ooalbrook Dale across Radnoi’shire to near Carmarthen 
— a distance of about 90 miles. The same strata reappear in the protrusions of Upper 
Silurian rocks which rise out of the Old Red Sandstone plains of Gloucestershire, 
Herefordshire, and Monmouthshire. In the Malvern Hills, they were estimated by 
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Professor Phillips to reach a thickness of 640 feet, but towards the north they thicken 
out to nearly 2000 feet. On the whole, the fossils are identical with those of the 
overlying liinestono. The corals, however, so abundant in that rock, are here com- 
paratively rare. The brachiopods {Lingida, Lcptwm^ Orthis, Stroplunncnn, Ati'ypa, 
Rhijnchomllat Sp infer) are generally of small size — Orthis hiloba^ 0. hyhrida, and the 
large flat 0, rusticn being characteristic.^ Of the liigher mollusca, thin-shelled forms 
of Orthoceras are specially abundant. Among the trilobites, EncrimiruB pimctatus, 
E, variolar is f Cnlymene Bhimenhachii, C. tnbei'culosa, Phacops caudaticSj P, longi- 
caitdaius are common. Distinctive species of graptolites have long been known to 
characterise the shales of this group.*^ In 1882 Tullberg showed that the equivalent 
strata of the IVcnlock shales in Scania could be divided into zones by means of their 
distinctive graptolites.'* Miss Elies, after a study of the Swedish succession, luis recently 
succeeded in applying the zonal classification, by means of graptolites, to the Wenlock 
shales along the borders of England and Wales.^ She has traced six zones in the 
following oi'jler, beginning with the lowest : — 1, zone of Oyrtographis Murclmoni^ 
containing besides, in great abundance, Momigi'aptiis priodoiii M, vomeh'imis, M. HUmyeri^ 
Retiolites geinitzianns ; 2, zone of Monoyi'cvptus riccartojieiisiSf including also numerous 
specimens of J/. vomer inm, if. capUkiceus, Cyriograpius flcLccidns ; 3, zone of OtjHo- 
gi'aptxt^ symmctricus, with abundant’ if. vomermxiSi if. dulixts ; 4, zone of Cyrtograptus 
Lmnarssoni, with plenty of if. vomer imiSt if. duhius, if. flexilis ; 5, zone of Ctp'tograptxhs 
rigidtis, including also abundantly if. vomerhius^ if. duhiita, if. retroJic,nis, if. Plemingii; 
6, zone of Gyi'togi'upim LxondgrenU with uiunerous if. vomerinusy if. duhhis^ if. Flemiiigiiy 
if. irfonewiis, and Ciirtugraptus Carndkm'sL 

(c) Wenlock Limesf one. is a thick -bedded, sometimes flaggy, usually more or 
loss concretionary limestone, grey or jjale i)ink, often highly crystalline, occuning in 
some places as a single massive bed, in others as two or more bands sepaiuted by grey 
shales, the whole forming a thickness of rook ranging from 100 to 300 feet.® As its 
name denotes, it is typically developed along Wenlock Edge in Shropshire, whore it 
runs as a prominent ridge for fully 20 miles ; also between Aymestry and Ludlow. It 
lilcewiso appears at the detached areas of Upper Silurian strata above referred to, being 
specially well seen near Dudley (whence it is often spoken of as the Dudley limestone), 
Woolhope, Malvern, May Hill, and Usk in Monmouthsliiro. 

A distinguishing characteristic of the Wenlock limestono is the abundance and 
variety of its coi-als, of which no fewer than 24 genera and upwards of 80 species have 
been described. Tlio rock seems, indeed, to have been formed in part by massive 
sheets and bunches of coral. Charactemtic species are Halysitcs catennlaHay Ileliolitcs 
interatinctusy Proporit txLbuhUa, Alveolites Lahxheiy Fawsitea aspevay F. gotlandica, 
CcBiiUcs juniper iniiSy Syringipora fascioularisy Omphyma suUnrhinatum. The ciinoids 
are also specially abundant, and often beautifully preserved, PcHcdwcnnm moniliformis 
being one of the most frequent ; othera are Qrotaloerinas rugomSy GimcHnua {Oyatho- 
crinus) goniodaetyhiSy and Maraiimcrinus es&laitm. Several cystidcans occur, of which 
one is Lepadocrinus {Psmdoat'initea) qnadrifemiatus. More than 30 species of annelids 

^ As an example of the small size but extraordinary abuiidauce of brachiopods in this 
formation reference may bo made to the fact that a twirtload of the shale from Buildwas was 
found by careful w'ashing to contain no fewer thkn 4300 specimens of one species [Ortkis 
lnloba)y besides a much greater bulk of other brachiopods, amounting together to 10,000 
specimens at least ; while tVom seven tons weight of the shale at least 25,000 specimens of 
Mhis biloha were obtained. — Davidson and Maw, Oeol, Mug. 1881, pp. 1, 100, 146, 289. 

® Lapwortli, May. Nat, JJist. v. (1880), p. 369. 

** Sm'ig, Qed, Underabhiy 0. No. 50, p, 15. 

* q, J, G, S, IvL (1900), p. 370. 

® On the microscopic structure of this limestone see Wethered, Q, J, G, S, xlix. (1898), 
p. 286. 
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have been found. The crustaceans include numerous trilobites, one of the most abundant 
being the long-lived Calynicne BliimcnhaeJiii, ■wliich ranges from the Llaiideilo flags 
(possibly from a still lower hoiizon) up to near the top of the Upper Silurian formations. 
It occui*s abundantly at Dudle}', where it received the name of the ‘‘-Dudley Locust.” 
Other common forms are EncrinuriLS punctaZns, E. mj^iolariSj Phacops cmidatiiSf P. 
Downingim^ P, Htokm% lllmms {Bumastus) harriemis, EomalonotiLS delphinocepUalits 
and Cheiruriis limucronatus. One of the most remarkable features in the ai*thropod 
fauna is the first appearance of the merostomata, which are represented by Eiiryptcnts 
pimctatiis, Hei}iiaspis horridtbs, and perhaps Pterggotus. The brachiopods continue 
to be , abundant, upwards of 20 genera and 100 species having been enumerated. 
Among typical species may be noted Ah'ypa reticularis, Meristina Spirifer 



Fig, 381.— Upper Silurian Corals and Crustaceans. 

a, Acorvularla ananas, Linu. ; h, Ptychopliyllum patellatum, Schloth. (i); e, Ompljyma subturbinatum, 
Linn. <J); d, Petraiabina, Lons. ; e, Ceratiocaris papilio, Salt. (J); /, Honmlonotus dolpliiiiocephalus, 
Green (i) ; g, Cyplia.spls megalops, McCoy ; 7<, Phacops Downing, Murch. 

clevatiis, S, plimUllus, Bhynckonella {Gamaroteechia .^) borealis (very common), B. {BJiyn- 
ckotreta) cunceda, B. ( Wilsonia) Wilsoiii, Orthis elcgarUicla, 0. hyhrida, Leptssna rhom- 
boidalis, and Pentanurios gaZeodv^, The lamellibranchs jjCte abundant and are represented 
by species of Amcula, Pteriiiea, Gardiola and GuculleJla, with Qrammysia eitigulata, 
Ortkonota amygdalina, and some species ot Modkilopsis an^ Gtenodemta, The gastoropods 
are marked by species of Omphalotrocluis, MurcJdsonia, Oydonema, Plcdyceras, and the 
common and oharaoteristic Bdlcrophon w&rUocke'nsis. The cephalopoda are represented 
by Trochocey'os, Cp'toceras, Ortkoceras, and Phragviocsras ; of these the orthoceratites are 
by far the most abundant both in species and individuals, OrQm&ras annulatim being 
the most common form. The beautiful and abundant GfmvXaria Sowerbyi is a character- 
istic organism of this group. 
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3, Ludlow Group. — This group consists essentially of shales, with occasionally a 
calcareous hand in the middle. It graduates downward into the Wenlock group, so that 
when the Wenlock limestone disa])pears, the Wenlock and Ludlow shales form one 
continuous argillaceous formation, as they do where they stretch to the south-west 
through Brecon and Camiartlieii. Tlie Ludlow rocks, typically seen between Ludlow 
and Aymesti’y, appear likewise at the detached Silurian areas from Dudley to the mouth 
of the Severn. They were arranged hy Murchison in three sub-grou})s — Lower Ludlow 
Rock, Aymestry Limestone, and Upper Ludlow Rock. 

(a) Loiccr Litdloio This sub-group consists of soft dark gi’ey to jiale greenish- 

brown or olive sandy shales, often with calcareous concretions. Much of the. rock, 
however, presents so little lissile structure as to get the name of mudstone, weathering 
out into concretioms which fall to angular fragments as the rock cnimbles down. It 
becomes more sandy and flaggy towards the top. From the softness of tlie shales, this 
zone of rock has been extensively denuded, and the Wenlock limestone rises up boldly 
from under it. It attains a thickness of 780 feet at Ludlow. Abundantly fossiliferous, 
it is particularly rich in graptolites, which have a special interest as the last great 
assemblage of these organisms before their final extinction. They have been employed 
to mark off this sub-group of strata into zones, the most recent and exhaustive investiga- 
tion in the subject having been made hy Miss Wood, who has collected largely from the 
typical district and from the prolongation of the rocks along the Welsh border. She 
.subdivides the Lower Ludlow shales in the Ludlow district into the following zones in 
ascending order 1, zone of ifonogra^itm mdgarist consisting of thinly-bedded shales, 
130 feet ; 2, zone of J/. Mlsoni, 120 feet (if. duhhiSi i/. colmus^ M, lioemen^ M. mrians^ 
if. cMms&ra, if. uridnahcs) ; 8, zone of if. mmienst 100 feet (if, duhiii^i if. Romneri, 
M. mriam, if. cJiimmra^ if. holicmims) ; 4, zone of if. tameseem, 220 feet (if. vhitnwra, 
if. bohemicits) ; 5, zone of if. kinUmrdiHensi% 210 feet. 

Among the other fossils are the brittle-star Rrotaster, the star-fish Pals&oconia^ and 
the echinoid PalsaodUcus. Of the corals, a few species survived from the time of the 
Wenlock Limestone, but the conditions of deposit were evidently unfavourable for their 
growth. The trilohites are less numerous than in older groups ; they include the 
venerable Calynwie JBlmncnhadUi ; alsoP/w«;o^« cmidatxLS^ P mistricliis, 1\ TJowningitv, 
Acidaspis coromitiis, Cheii'uncs hviiucronatus^ JEnwrinurus pmictatus^ Lkhas anglictuiy 
Homalowotnia ddphinoapJudus^ JL KnigJUn, and Cuphtispis megalops. But other forms 
of arthropod life occur in some number. The phyllocarids are represented hy species of 
O&ratiocaris and Xipliocans; the merostomata by species of Eiu'yptcrus^ M&tniaspis, 
Pt&rygotus. Though brachiopods are not scarce, hardly any seem to he peculiar to the 
Lower Ludlow rock, nearly all of the known species occumng in the Wenlock group. 
Wiyndwjiella {IVilsonia) Wilson^ Oyrtia (Spirifer) e^poireckt, Spir’^cr m'ispiiSt }>. 
biJugosuSi Stroph option a \Strophonclla) mujlyplia^ LepUana rhonthoidalkf 
{CmmrotmdUu) nutidu, Atqjpa rotimla/riSy Orhicidoidca ifo^Tm?:, Lhujula Itdn^ and L. 
LewisU are not infrequent Among the more commonly recun-iug species of lamolli- 
bianchs the following may he named — CanUola intermpta^ Amhonyclmt {Cardiola?) 
striaia^ Qlemdmta sulmia^ Orammysia cmjidaia^ Modiolopm g'mlnht, if. Missoni, 
Orthmwta amygdalvim, 0, rigida, 0. semisxdccUa, and a number of species oi Pterinca. 
The gasteropoda Cydtmma curallii, (hnplicdotroohm (Euamplialm) alafus, IZolqpdla 
(P^egaria, Loxoncnia siniwaa, and Murdiisonut Lloydii are freciueiit, and the old genus 
BdUroph<m is still represented (B. esrpaimis). Cephalopoda abound, the genus OrtJioeeras 
being the prevalent type {0. ang%d(Uum, 0. anmdatnm, 0. hdlatmn, 0. ludc^ise, 0. 8uh<- 
'imdulatwn, 0. tradhealc), hut with species of Trochoemm and Uomplioccrm. The 
numbers of straight and cuiwed ceplmlopods form one of the distinguishing features of 
the zone. At one locality, near Leintwardine in Shropshii*e, which has been prolific in 
Lower Ludlow fossils, particularly in star-fishes and eurypterid crustaceans, a fragment 
of Oy(dlmpis ludmsfis was discovered iu 1869. This is the earliest trace of vertebrate 
life yet detected in Britain. 



960 


m^RATIGRAPHIGAL GEOLOGY 


BOOK VI PART II 


(h) Aymesiry Zimcsto7ie—SL dark grey, somewhat earthy, concretiouary limestone in 
beds from 1 to 5 feet thick. Where at its thickest (from 30 to 50 feet) it forms a 
conspicuous feature, rising above the soft and denuded Lower Ludlow shales. Owing 
to the easily removable nature of some fullers’-earth on which it lies, it has here and 
there been dislocated by large landslips. It is still more inconstant than the Wenlock 
limestone. Though well developed at Aymestry in Herefordshire, it soon dies away into 
bands of calcareous nodules, which finally disappear, and the lower and upper divisions 
of the Ludlow group then come together. The organic remains at present known are 
for the most part identical with Wenlock forms. It is evident that the organisms 
which flourished so abundantly in the clear water wdierein the Wenlock limestone was 
accumulated, continued to live outside the area of deposit of the Lower LudloAV 
rock, and reappeared in that area with the return of the conditions for their existence 
during the deposition of the Aymestry limestone. The most characteristic fossil of 
the latter rock is the Pentamej'iis KnigMii; other common forms are lihipivlumcUa 
{Wilsonia) Wilsmi, Layia (Terchratula) outvim/a, Lhigula Lewiaii, Stro 2 )homcna 
{Strophonella) euglyphat Atrypa rdiciUaris, Pt&rinea SoicerhyU with many of the same 
shells, corals, and trilobites found in the Wenlock limestone. Indeed, as Murchison 
has pointed out, except in the less number of species and the occurrence of some of 
the sliells more chaiacteristic of thd Upper Ludlow zone, there is not much palceonto- 
logical distinction between the tw'o limestones.^ 

(c*) Upper Liidlov) In the original Silurian district described by Murchison, the 

Aymestiy limestone is covered by a calcareous shelly band full of Dayia {llhy^iehomlla) 
navicida^ sometimes 30 or 40 feet thick. This layer is succeeded by grey sandy shale 
or mudstone, often weathering into concretions, as in the Lower Ludlow zone, and 
assuming externally the same rusty-brown or greyish olive-gi’cen hue. Its harder 
beds are quarried for building stone ; but the general character of the deposit, like 
that of the argillaceous portions of the Upper Silurian formations as a whole, in the 
typical district of Siluria, is soft, incoherent, and crumbling, easily decomposing once 
more into clay or mud, and presenting, in this respect, a contrast to the hard, fissile, 
and often slaty shales of the Lower Silurian series. Many of the sandstone beds are 
crowded with ripple-marks, rill-marks, and annelid-trails, indicative of the shallow 
littoral waters in which they w'ere deposited. One of the uppermost sandstones is 
temed the “Fucoid Bed,” from the number of its cylindrical seaw'eed-like stems. It 
likewise contains numerous inverted pyramidal bodies, which are believed to be casts of 
the cavities made in the muddy sand by the rotary movement imparted by tides or 
currents to crinoids or seaweeds rooted and half buried in it.- At the top of the 
Upper Ludlow rock, near the town of Ludlow, a brown layer ocoura, from a quainter of 
an inch to three or four inches in thickness, full of fragments of fish, Ptci'ygotus^ 
and shells. This layer, termed the “Ludlow Bone-bed,” is the oldest from which 
any considerable number of vertebrate remains has been obtained. In spite of its 
insignificant thickness, it has been detected at numerous localities from Ludlow us far 
as Pyrton Passage, at the mouth of the Severn — a distance of 45 miles from norih to 
south, and from Kington to Ledbury and Malvern — a distance of nearly 30 miles from 
west to east ; so that it probably covers an area (now largely buiied undoi* Old Bed 
Sandstone) not less than 1000 square miles in extent. Yet it appears never to exceed, 
and usually to fall short of, a thickness of 1 foot. Fish remains, however, are not 
confined to this horizon, but have been detected in strata above the oxiginal bone-bed 
at Ludlow. 

A considerable suite of organic remains has been obtained from the Upper Ludlow 
rook, which, on the whole, are similar to those in the sub-groups underneath. Some 
minute globular bodies, with internal radial structure {Pachytlieca), occur with other 
plant remains {Padiysporangimi, Actinophyllum, Chondi'iUa), Corals, as might be 


1 ‘SUuria,’ p. 130. 


® Op. Git. p. 133. 
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supposed from the muddy character of the deposit, seldom occur, though Murchison 
mentions that the encrusting form Fa/vosUes (UotiticioUpora) fibrosvs may not infrequently 
be found enveloping shells, Oydoiiema corallii and Murchisonia coralUi being, as their 
names imply, its favourite habitats. All the corals of the Ludlow group are also 
Wenlock species. Some annelids {Seipulitea longissimTis, Oormlitez serpulwrmSf and 
Tradiydcmia cormoeim) are not uncommon. The Crustacea are represented in the 
Upper Ludlow rock by ostracods {Bcyrichia Kloedmi, Lepcrditia nia/rgmatci^t Mitmnis 
UCb6ro8a\ phyllocarids {Ger<xtio<m'is)i and more especially by eurypterids {Exwypt&ruB^ 
Hcmiaspis, Fterygotiis, Slimonia, Stylmwnis). The trilobites have still further 
waned in the Upper Ludlow rock, though SoTnaZoiwtxvs Knightii, Enci’inwi'its 
puTustatitSi Pho/cops Damiingiss, and a few others still occur, and even the persistent 
QaZymexie Bhmmbaddi may occasionally be found. Of the braehiopods, the most 
abundant forms in this group are lA/rigula mMma, L. lately Orbimloidea. rugedOi Phyn- 
cfboxiella ( Wilsonia) Wihmiy Stvophoni&na {Stropluodonta) filosat and Ghoxvetea 8ti*mt.dlaN 
The most characteristic lainellibranchs are Orthonota amygdalmn^ Ooniophora cymbas- 
formis, Pterinea limata, P. relrqfiem ; some of the commonest gasteropods are Murcfii- 
smia corallii, PlaiyscMsma lielidtca, and Eblopella obsoleia. The orthoceratites are 
specifically identical with those of the Lower Ludlow rock, and are sometimes of large 
size, Orthoeeras hullatum being specially abundant. The hsh-remains consist of bones, 
teeth, shagrecn-like scales, plates, and hu-spines. They include some dermal tubercules 
{Thelodtbs), shagi'cen- scales {Splmgodm), and some ostracoderms, GepTwlaapda (U. or 
Semicydaspis Murchisoni), Aiiehenaspis {ThAjestia) {A. Salieri), Gyathaspis (C. Baxiksii, 
GJ ludends), and Eak&raspis {Plectrodxis) (E, picsiulifencs). Some of the spines 
described under the name of Oivchua are probably crustacean. 

{d) Tilestones, JDoiontoii Gaatle Stone, axid Ledb%ry Shades. — Above the Upper Ludlow 
shales and mudstones lies a group of hue yellow, red, and grey micaceous saud^ones from 
80 to 100 feet thick which have long been quarried at Bownton Castle, Herefordshire. 
At Ledbury these sandstones are surmounted by a group of red, purple, and grey marls, 
shales, and thin sandstones, having a united thickness of nearly $00 feet. Originally 
the whole of these flaggy upper parts of the Ludlow gi'oup were called “Tilestones” by 
Murohison, and, being often red in coloui*, were included by him as the base of the Old 
Red Sandstone, into which they gradually and conformably ascend. They point to a 
gradual change of physical conditions, which took place at the close of the Siluiian 
period in the west of England and brought in the peculiar deposits of the Old Red 
Sandstone. There is every reason to believe that for a long time the marine sedimenta- 
tion of Upper Silurian type continued to prevail in some areas, while the probably lacus- 
trine type of the Old Red Sandstone had already been established in others, and that 
by the breaking down or submergence of the banders between these different areas, maiine 
and lacustrine conditions alternated in the same region. The Tilestones are the records 
of this curious transitional tinie.^ 

Vegetable remains, some of which seem to be fucoids, but most of which are prob- 
ably terrestrial and lycopodiaceous, abound in the Bownton sandstone and passage-beds 
into the Old Red Sandstone. The euryptorid genera still continue to occur, together 
with phyllocarids (GcraUoiXMris) and vast numbers of the ostracod (.^. Kloedeni). 

Prevalent shells are Lingula cornea and Platysdvmm heUdbes. The Ludlow fishes are 
also met with. 

In the typical Silurian region of Shropshire and the adjacent counties, notliing can 
be more decided than the lithological evidence for the gradual disajtpearance of the 
Silurian sea, with its crowds of graptolites, .trilobites, and braehiopods, and for the gradual 
introduction of those geognLjdiical conditions which brought about the deposit of the 

^ On these passage-beds see Symoncls, * Records of the Rocks,’ 1872, pp. 188-215 ; 
Q. J, G, 8 . xvi. (1860), p. 193 ; Roberts and Randall, op. cit. xix, (1863), p.,229; also 
the remarks made on the corresponding strata in Scotland, pp. 942, 965. 
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Fig. 882.— Group of XXppor Silurian MoUusca. 

u, WhitPpMlclla (Mprlst-na) rtidyma, Dalm, ; 6, Strophomena antiquata.j Sb^. ; c, Lii^ila l^wisii,_Sby, ; 


OmphtJotrochus (Suomplmlus) rugosus, Sby. ; m, Trocbus cnlatuB, ]koOoy (f); LMirugmoci'ros 
ventricosum, Sby. <4); o, Orthoceraa annulatuui, Sby. ( 4 ); p, Troqhoceras (J-ituiii‘s) gigunteum, 
Sby. (4) ; Opmdioceras (Litoites) arbiculatuxni Sby. 
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Skiddaw slates arch over and are succeeded by the base of the volcanic series above 
described. But before more than a small portion of that series has appeared, the whole 
Silurian area is overlapped unconformably by the Carboniferous Limestone. It is 
necessary to cross the broad plains of Cumberland and the south of Dumfriesshire before 
Silurian rocks are again met with. In this intervening tract, a synclinal fold must lie, 
for** in the south of Scotland a broad tract of Upper Silurian strata is now known to 
form the greater part of the pastoral uplands which stretch from the Irish Sea to the 
North Sea. Its northern limit where it rests conformably upon and passes down into the 
Caradoc group, extends from a little south of Port Patrick north-eastwards to near Dunbar. 
The strata throughout this region have been thrown into innumerable folds which are 
often reversed. The result of this disturbance has been to compress the rocks into 
highly inclined positions, and to keep the same group at the surface over a great breadth 
of ground, so that in spite of their steep angles of dip the sti’ata are made to 
occupy as much space on the map as if they were almost flat. Here and there, where 
the anticlines are more pronounced and denudation has proceeded far enough, long boat- 
shaped inliers of Lower Silurian rocks have been laid bare underneath the upper series 
of formations. In this way the Llandeilo volcanic group (p. 951) can be traced by 
occasional exposures for some 90 miles to the north-eastward from the Ayrshire coast, 
where it is most largely developed. By far the larger part of the Uplands is formed of 
rocks which, from the researches of Professor Lapworth among their graptolitio con- 
tents, are now known to be the general equivalents of the Llandovery and Tarannon 
groups.^ In the central part of the region the Llandovery rocks are represented by 
greywackes and shales, including the black graptolitic Birkhill shales which form two 
bandl separated by alternations of grey and green shales, and are subdivided as follows 
in ascending order 


Lower Birkliill. 


Upper BlrkhlU. 


[ 1. Zo ■ Ilf rr, ’ » .■ * . * mmiTiatu^ 

I i; s ' V jif, tmuU. 

2 . Z'»' !■ n!' It I, • : .Ij • , 


(uimUTiatus mth. JHvj^i'phogmpPiui dongatmf Mono- 


, . witli Monntjraptvn qiplmSj M. tenuis. 

3. Zone of Monograpft's irrnparN^t, witli M. jimln'iiUuttf M. D-lplo- 

graptiis foliimf &c. 

1, Zone of Monogmptfiis Ulingani, with ill. rremdarte, Af. Setlgwkik!^ Fetalo- 

ffraptua ccmuita. 

2. Zone of (\f. lUttansi &c.). 

1,8. Zone 01 < •» - n. • tiirrlcvlntttH, 


The Tarannon group of the same district, consisting of shales, flagstones, greywackes, 
and grits, with bands of conglomemte, contains some of the Birkhill graptolites, others 
which pass up into the Wenlock series {Monograptus eadg^vios^ M, AT. 

&c.), and a few which appear to be mainly if not exclusively confined to this group 
(if. M. eadgmos, M, if. pmdm). In Ayrshire the equivalent strata 

present a much greater diversity of sedimentation, tlxick masses of conglomerate, lime- 
stone, and calcareous shale being conspicuous. In that district accordingly there is so 
marked a contrast in the abundance and variety of the organic remains, that the 
strata may be comj^ared with the more fossiliferous deposits of the original and typical 
Silurian region. Eepresentatives of the Wenlock and Ludlow groups am traceable 
along both sides of the Silurian region. In Lanarkshire these strata have been 
long celebrated for the number and variety of their merostomata {Eu/rypUruSt 
3 species ; Pterygatua, 2 ; Slimmiat 1 *, StylmmntSi 1 ; NeoliimohtSi 1). They have also 
yielded the scorpion (Pig. 883) and the myriapod already referred to (p. 943). Above 
the Ludlow rocks of the Pentland Hills, Lanarkshire, and Ayrshire lies a conformable 
group of red and yellow sandstones, mudstones, and conglomerates which were formerly 
regarded as tlie base of the Old Red Sandstone. But the discovery in them of a 
tolerably abundant marine fauna, identical with that of the uppermost Silurian strata. 


1 See Lapworth, Jbwm. Geol. Soc. xxxiv.’ (1878), xxxviii. (1882) ; Oed. Mag. 

1889, pp. 20, 69 ; Ann. Mag. Nat Hist. 1879, 1880. Also the descriptions by Messrs. 
Peach and Home in the detailed Memoir of the Geological Survey, already cited on p. 960. 
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has led to their being placed at the top of the Silurian series. They are probably 
equivalents of the Tilestones and Downton Sandstone. Their chief palaeontological 
interest is the discovery in them of live genera of fishes, some of v^hich have not been 
found elsewhere (p. 942). 

The Scottish type of the Upper Silurian formations is prolonged south-westwards 
into Ireland, where the Llandovery group of Birkhill has been recognised not only in 
Down, but in Tyrone, Fermanagh, and other counties. Evidence of contemporaneous 
volcanic action has been obtained from the Silurian rocks of the east of Ireland.’ 
Upper Silurian rocks representing the Llandoveiy and Wenlock formations attain an 
enormous development in the west of Ireland. In the picturesque tract between Lough 
Mask and Killary Haxhour, where they reach a thickness of more than 7000 feet, they 
consist of massive conglomerates, sandstones, and shales, with Llandovery and Wenlock 
foasds and intercalated felsites, diabases, and tuffs. Again, in the Dingle promontory 
of County Kerry, Upper Silurian sti’ata full of Wenlock fossils contain the most im- 
pressive proofs of contemporaneous volcanic action ; agglomerates, tuffs, and volcanic 
blocks being inteimingled with the fossiliferous strata, which are further separated by 
thick sheets of nodular felsitic lavas.® 

Basin of the Baltic, Bussia, and Sbandinavia.® — The broad depression which, nmning 
from the mouth of the English Channel across the plains of Northern Geimany into the 
heart of Russia, divides the high gi’ounds of the north and north-west of Europe from 
those of the centre and south, separates the European Silmdan region into two distinct 
areas. In the northern of these we find the Lower and Upper Siluiian formations 
attaining an enormous development in Britain, but rapidly diminishing in thickness 
towards the north-east, until in the south of Scandinavia and the Gulf of Finland, they 
reach only about -giyth of that depth. Along the Baltic shores, too, they have on 
the whole escaped so well from the dislocations, crumplings, and metamori>hism so con- 
spicuous along the north-western European border, that to this day they remain over 
wide spaces nearly as horizontal and soft as at first. In the southern European area, 
Silurian rocks appear only here and there fimm amidst later formations, and almost every- 
where present proofs of intense subten-anean movement. Though sometimes attaining 
considerable thickness they are much less fossiliferous than those of the northeiTi part 
of the region, except in the basin of Bohemia, where an exceedingly abundant senes of 
Silurian organic remains has been preserved. 

In Russia, Silurian rocks must underlie the whole vast breadth of temtoiy between 
the Baltic and the flanks of the Ural Mountains, beyond which they spread eastward 
into Asia. Throughout most of this extensive area Uiey lie in hoiizontal undisturbed 
beds, covered over and concealed from view by later formations. Along the southern 
margin of the Gulf of Finland, they appear at the surface as soft clays, sands, and 
unaltered strata, which, so fai* as their lithological characters go, might be supposed to 
be of late Tertiary date, so little have they been changed during the enormous lapse of 
ages since Lower Palaeozoic time. The great plains bounded by the Ural chain on the 

’ A. G., J. G. K xlvii. (1891), Presidential Address, p. 160 ; ‘Ancient Volcanoes 
of Great Britain,’ voL i. and authorities there cited. Simi)mry of Progress Qedl, Sims. 
1900, pp. 61-59. 

* Q. J, G, S. xlvii, p. 169, and authorities cited. Consult on Irish Silurian rooks the 
Explanations to the one-inch Sheets of the Geological Survey. 

® Ck}nsult the works of Angelin and ^‘erul^ already cited (p. 924) ; Linnarssou, Soensk, Vet, 
Akad, viii. No. 2 ; ZeUacIi, Beutsch, Qed, Gesdi., xxv. p. 675 ; Geol. Mag. 1876, pp. 145, 240, 
287, 379 ; Geol. Fdremngetis Stockholm PbrliandU. 1872-74, 1877, 1879. S. L. Tomquist, 
Kong, Vet. Akad. F'&rlumM. 1874, No. 4 ; Geol. F^ren. Stockfiohn F'm'lmndl. 1879. 
Lundgren, Neues Jdhrh. 1878, p. 699. BrSgger, ‘Die SUurisohen Etagen 2 niid 3 im 
Kristiania Gebiet,’ 1882. F. Schxhidt, Q. J. G. S. 1882, p. 614. J. E. Marr, Q. J. G. S. 
1882, p. 318. A. G. Nathorst, ‘ Sveriges Geologi,’ Part. i. 1892, and papers cited below. 
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and 34 in the Si‘d fauna. Erinitus also numbered 40 species, which all belong to the drd 
fauna, save two found in the 2?ic?. Other less prolific but still abundant genera are 
Eahmnibts^ Pliacops, and Elssnus. The 2'nd fauna, or Lower Silurian series, was found 
by Barrande to contain in all 32 genera and 127 species of trilobites ; while the 3?^^ 
fauna, or Upper Silurian series, contained 17 genera and 205 species, so that generic 
types are more abundant in the earlier and specific varieties in the later rocks. ^ 

Reference may be made here to the famous doctrine of “Colonies” propounded and 
ably defended by the illustrious Barrande. Drawing his facts from the Bohemian basin, 
he believed that while the Silurian strata of that region presented a normal succession 
of organic remains, there were nevertheless exceptional bands, which containing the 
fossils of a higher zone, were yet included on different horizons among inferior portions 
of the series. He termed these precumory bands “colonies,” and defined the phenomena 
as consisting in the partial co-existence of two general faunas, w'hich, considered as a 
whole, were nevertheless successive. He supposed 'that, during the later stages of his 
second Silurian fauna in Bohemia, the first phases of the third fauna had already appeared, 
and attained some degree of development, in a neighbouring but yet unknown i-egion. 
At intervals, corresponding doubtless to geographical changes, such as movements of 
subsidence or elevation, volcanic eruptions, &c., communication was opened between that 
outer region and the basin of Bohemia. During these intervals a greater or less number 
of immigi'ants succeeded in making their way into the Bohemian area, but as the 
conditions foi’ttheir prolonged continuance there were not yet favourable, they soon died 
out, and the normal fauna of the region resumed its occupancy. The deposits formed 
during these partial interruptions, notably graptolitic schists and calcai*eous bands, 
accompanied by igneous sheets, contain, besides the invading species, remains of 
some of the indigenous foi-ms. Eventually, however, on the final extinction of the 
second fauna, and, we may suppose, on the ultimate demolition of the physical bamers 
hitherto only occasionally and temporarily broken, the thix*d fauna, which had already 
sent successive colonies into the Bohemian area, novr swarmed into it, and peopled it 
till the close of the Silurian period.'^ 

The general verdict of paleontologists has been adverse to this original and 
ingenious doctrine. The apparent intercalation of younger zones ^ older groups of rock 
has been accounted for by such infoldings of strata as have already been described in this 
volume and by the effects of faults. It has been shown that not only are the zones 
repeated, but that when they reappear they bring with them their minute paloeontologi- 
cal subdivisions and their peculiar lithological characters.'*^ 

Silurian rooks appear in a few detached areas in Germany, but the only comparatively 
large tract of them occurs in Thuringia and the Fichtelgebirge. They present a gi'eat 
contrast to those of Bohemia in their comparatively unfossiliferous character. In the 
Thuringer Wald, a series of fuooidal- slates (Cambrian, p. 928) passes up into slates, 
greywackes, &c. (Griffelschiefor, Ledersohiefer), with CmularUtf Orthis, Ampkua, Ogyffia, 
and other fossils. These strata (from 1600 to .2000 feet thick) may represent the Lower 
Silurian groups. They are covered by some graptolitic alum-sjUites, shales, flinty slates, 
and limestones (Favosites gotlaTidicaf Cardiola Merrupta, T&niamlUm &c.), 

which no doubt represent the Upper Silurian groups, and pass into the base of the 
Devonian system.^ The graptolites include many species found in the Stockdale shales 
of the Lake District, so that the Llandovery group is well represented in tliis part of the 

1 Op. dt. i. suppt. “Trilobites,” 1871. 

^ The doctrine of colonies is developed in the *Sy8tume Silurien du Centre de laBoh^me,’ 
i. (1852), p. 78 ; * Colonies dans le Bassiu Silurien de la Boh^me/ in JB, S, O, F, (2nd ser.) 
xvii. (1869), p. 602; ‘Defense des Colonies,’ Prague, i. (1861), ii. 1862, iii. (1866), iv. 
(1870), V. (1881). 

» J. B. Marr, Q. J. Q. & 1880, p. 606 ; 1882, p. 318. 

* Richter, Z. J). (if. G. xxi, p. 869 ; xxvii. p. 261. 
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continent^ In the Harz, the Tanne greywacke, containing land-planta (p. 937), is 
ovrerlain by siliceous shales, cherts, and quartzite, above which come graptolitio 
shales with Monograptid® and Cardiola interrupta.^ Farther east, iif Russian 
Poland, representatives of both divisions of the Silurian system have been found. 
The Lower (Bukowka Sanilstone) in the Kielce district has afforded a few species of 
brachiopods (Orthis calligrammi, 0. oUxisa^ 0. xnmeta^ Orthid'm plana\ while the 
Upper, which is better developed, has furnished a large series of distinctive fossils 
[Moxiograptua priodm, if. Uptothecat M, bohemims^ M. colmms^ M. scanicios, Olixnaco- 
graptus scalaris, Gardiola inberrupta, OHlioceras gregariumt &c.). The higher parts of 
the series, which may belong to the horizon of the Ludlow rocks, contain among other 
fossils JBeyx'whia Kloedmi, Spinfer eUmtvs, Atrypa reticulcxris, Wiynch(mella [Ca/tnaro- 
tcschia?) mtcula,^ 

In the south-west of Russia (Podolia) and in Gallicia, an Upper Silurian area occurs 
in which there is almost perfect palffiontologioal agreement with the Silurian rocks 
of the basin of the Baltic, but a great contrast to those of Bohemia, with which it has 
only a few bi’achiopods in common.* 

Among the Alps, the band of ancient sedimentary rocks which, flanking the 
crystalline masses of the central chain, has been termed the ‘^greywacke zone,” has in 
recent years been ascertained to contain representatives of the Silurian, Devonian, 
Oarboniferoos, and Permian systems.^ In the eastern Alps, a belt of clay-slate and 
greywacke, with limestone, dolomite, magnesite, ankerite, and siderite runs from 
Kitzbuhel in the Tyrol as far as the south end of the Vienna basin. About twenty 
species of fossils {Orthoceras, Atrypa, Cardiola, &c.) found at Dienten, near Werfen, 
belong apparently to the substage c2 of Bamnde’s Stage E. In this band, the strata 
have been changed into crystalline schists. As the fossils are Upper Silurian, a large 
part of the adjacent unfossiHferous schistose rocks may represent older parts of the 
Silurian system ; but no Lower Silurian fossils have yet been found in them in the 
northern Alps. 

In the southern Alps (Oarinthia), above the older Paleozoic masses which have 
not yet yielded fossils, the following subdivisions have been given by Staohe in 
descending order : — t 

Limestones (1000 to 1600 feet) with Silurian forms of Pentaniefrus, 

RyrhcJwrieUa, and Atrypa, and Silurian and Devonian corals = Stages F, G, H 
of Baxrande. 

Dark clay-slates and sandstones with plant-remains, yellow and red crinoid-shales 
= Stage F, in parts Onondago group (%), 

Limestone with orthoceratites, gasteropoda, lamellibranohs, trilobites (Kokberg). 
About 100 species occur in the lower or dark Orthoceras limestone. These 
rooks appear to represent Stage E of Bohemia, and the Ludlow and Wenlock 
groups of England. 

Graptolite-schists with PetaZograytua folium, J). priatCs, Ac. =: Stage D and base of 
E (Tarannon group). 

Grey wacke-slate and sandstone (JStrophoxmia graxidU, Ori^is)= upper part of Stage 
D ; perhaps Bala beds.^ 


^ Marr, Qeol, Mag. 1889, p. 414, Tornquist, Geol. P^rm. StocUbolm, ix. (1887). 

^ Lessen, Z. D. Q, G, xx. p. 216 ; xxii. p. 284 ; xxix. p. 612. 

^ G. Giirich, Yerh, Russ. Min. Gesdlsch. 2nd ser., xxxii. (1896), p, 19. 

* F. Schmidt, ‘ Die Podolisch-galizteche Silurformation,* St. Petersburg, 8vo, 1876. 

® Von Biaaer, ‘ Geologie,’ p. 216. Stache, Jahrb. QeoL Raidia. xxiii. p. 175 ; xxiv. pp. 136, 
334 ; Verh. OeoL Reichs. 1879, p. 216, Stache divided the greywacke zone of the eastern 
Alps into five pre-Triassic groups : 1, Quaxtzphyllite group ; 2, Kalkphyllite group ; 
3. Kalkthonphyllite group ; 4, Group of the older grey wackes (Silurian and Devonian) ; 5, 
Group of the Upper Coal and Permian rocks. 

« Verhandl. Geol Reichs. 1884, p. 25 ; Z. TJ. Q. G. 1884, p. 277. 
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In the southem half of Sardinia, Silurian rocks (in part, at least, Upper) have been 
divided into three zones, the lo-vveat of which contains important metalliferous lodes.^ 
Among tfiese rocks Meueghini recognises two chief graptolitic horizons, one probably 
representing the Tarannon sub-group (with Mmiograptus antennulai'nLS, comp. BecMi M. 
Gmii, comp, cmitincfiis, M. Ticmipristis, comp, jamlum) the other (with if. colomis, M. 
Lavmmxm'Si, if. •niultulifenis, comp, miner inus) answering to the Wenlock group. 

North America.^ — In the United States and Canada, Silurian rocks spread con- 
tinuously over a vast territory, from the mouth of the St. Lawrence south-westwards 
into Alabama and westwards by the great lakes. They almost encircle and certainly 
underlie all the later Palteozoic deposits of the great inteiior basin. The rocks are 
most typically developed in the State of New York, where they have been arranged as 
in the subjoined table : — 


I 


'(6) Lower Helderberg group - consisting of 

(o) Upper Peutanierus limestone {Peiitamei'^us pseudo-gahatus), 

(b) Deltliyris limestone {Meristella Iferui), 

(a) Lower Pentamerus limestone {Pentainerns galeatuit). 

(4) Water-lime [TerhUtGiiliteH^ Enrypterm, and Pte-rygohm) Onondago salt group, 
consisting of red and grey marls, sandstones, and gypsum, with large 
impregnation of common salt, but nearly barren of fossils. The Guelph 
formation, however, with its pale dolomites, has yielded a large series of 
fossils which have been worked out by Hall, Billings, and Whiteaves. 

(3) Niagara shale and limestone ; Hcdyaites^ Favos-itea, Calyinene Bhmeubachii^ 
Ilomalomtus drJphunin’phnhi^. Plectambonites (Leptt&iui) traiisceraalis, 
iJmdrograptm speci»-N‘, Dictyonamat 

ImcmdU, &c. ; also •.idi-ivnmins vG/it7w/«, GlypUuspia) in xhe shale in 
Pennsylvania. The Niagara Limestone may be paralleled with the Wenlock 
Limestone. 

(2) Clinton crronp {Pnifamerua oblongus, Atiypa retmUanSy MonogmpUis din* 
in,io„ft,\ Pi'iinliU’a renoauSf &c.). This group may represent the Tarannon 
shales. 

(1) Medina gi'oup with Oneida conglomerate {^^^>th'^lfnpn^a orthomta). 

In Nova Scotia and New Brunswick Upper Silurian formations of different 
aspect from those above enumerated are extensively developed. Several 
thousand feet of sandstones, slates, iron-oros, black igrapLolitic slates, 
limestones, and mudstones have yielded a characteristic fauna resembling 

. that of the tyxncal English districts. 


'(5) Cincinnati (Lorraine, Hudson River)* group MalyaitcSy Pterinea 

demiasOy PlectavihanUes (Leptwnc^ a&ricca, Vlimacograptna bim'wiay O. 
typicalis, Diplograptm pidsti^Hy /}, putdiiia). This gi*oiip corresponds to 
the Carodoo rooks of Britain. 

(4) Utica group — Utica shale {Leptograptns fiaccidiiBy Diplogmptu^ 

Ti, Orthograptiia r^'ifdn^rrnnrffi-ii. D'^idrograpt'ica 

■. /: ,>•/, proteifo-mey Orthocevi '■ ^ ■. -. 7' . v Becki). 


^ Meneghini, Mem. Acad, Lbicei, 1880. J. G. Bornemann, * Die Versteinerungen des 
Oambrischen Schichtensystems der lusol Sardinien,’ Halle, 1686. S. Traverso, Atii. iSoc. 
Ligv.aL 8eL JSfat iii. 1892, 

® See Memoirs of the Qeolog'lad Survey of Ommday and the publications of the United 
States Qeol. Swro. ; numerous monographs of the late James Hall, of Albany ; Walcott, 
Morwgr. U.S. O. S. viii. (1884). The graptolites have been tabulated by R. R. Gurley, 
fomm. QeoL iv. (1896), pp. 63-102 ; 291-311. 

^ This group is by many geologists placed in the Devoniau system, and a considerable 
amount of controversy has arisen on the subject It is inserted here according to the 
classification of Professor H. S. Williams of Yale University, who would draw the line 
between the Silurian and Devoniau system about the middle of the Oriskauy group. On 
this subject see his papers, Ainer. Journ, Sd. ix. (1900), p. 203 ; Bull. OeoL Soc. Amer. xi. 
(1900), p. 833 ; also C. Schuchert op. dt. xi. p. 241, and other papers cited poatea, p. 997. 

* On this group see C. D. Walcott Bull. Qeol. Soc. Amer. i (1890), p. 336, 
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Trinueleus concent ricus^ Illfenue mnencanuft, 

I. crassicanda, Leperditia fabuUtejs, Ortlus 
{DaVnumclla) testiidimria, 0. [Dcdmunella) 
siibseqvAXta^ Leptsena {Plectamhonitcs) 
sericea, Rajincsquina alternata^ Murchi- 
sonia, Comilariaf Orthocenis^ Cyctoceras 
tenuistriatiiSf Jjidymograptus (7 species) 
J^oi‘ifgTaptu8, Lepto- 
»../•* h • •' ■ > (10), JJicntJto- 

gmptits (12), Climacoymptus (11), Liplo- 
graptiis (13), Cryptograptus^ Lasing captirfi. 
HlosaograptuSf Reteograjdiis, Ulcdhro-^ 
gmptus^ Bendrograptua, Dictyonema, 
Thaimwgmptus, Phyct^gmptus^ &c.^ 

(2) Chazy group — Chazy limestone {Machirea magna, J/. Lognni, Ortliocecas, 
JUsemtSy AsaphuSt Bidymograptus, Climacogmptus, Cryptograptiia^ Glosao- 
graptvs). 

(1) Calciferous group {Lingnlella acumimda, Lepitena, Conocavdinm^ Opthilctu 
compactai Ofthoc&raa priir.igcninm. //. P»'!hyuru8, Asetphua, Cono- 

corypUe^ BUdiogmpUiSt 7.' ■.*#.. ./s. i,. Bidymogmptua^ Biplo- 

graptua, CaUogmptm^ if ' I '.a... This group answers to 

^ the Welsh Arenig rocks.^ 

The number of genera and even of species common to the Silurian rocks of America 
and Europe, and the close parallelism in their order of appeai-anee indicate a former 
migration along shallow northern waters between the two continents. Among these 
common species the following may be enumerated as occurring in the Upper Silurian 
rocks of New York, the coasts of Barrow Straits within the Ai'ctic Ch’cle, Biitain, and 
the Baltic basin : Stromatoporct conceivtrlcai Halyaitea catefnidaria, Favositca gotfandiea, 
Orthis elcgantula^j Atrypa reticularis. The genei'a of graptolites appear to have followed 
the same order of appearance and to have reached their full development and final 
decline at corresponding stages of the Silurian period on each side of the Atlantic. 
Among the Crustacea, trilobites were the dominant order, represented in each region 
hy a similar succession of genera, and even to some extent of species. And as these 
earlier forms of articulates waned, there appeared among them about the some epoch in 
the geological series, the eurypterids of the Water-lime of New York and of the lindlow' 
rocks of Shropshire and Lanarkshire. 

South America. — Lower Silurian fossils have been obtained from Bolivia, I*eni, and 
Argentina, so that the Silurian system has a wide extension in the central and southern 
parts of the continent. Some of the rocks oon*espond to the Arenig or Llandeilo forma- 
tions of Europe, for they contain Asaphu8{'i)y Bathyurua, Ampyx^ Megalmpis, 

^ The Trenton limestone contains the zones of [a) Montityidipui'idm^ with lautclua gigtia, 
OoZymene aenaria, Holopea aymmetriea^ &c. ; (6) Paraatrophia Imniplicaia^ witli Ctenodmitn 
lefccda, &c. ; (c) Plectaudxniitea aericeua exclusively ; {d) OHMa {Balmunella) tcaiudinarla 
crowded together, also with Calyin&ne aenaria, Eajineaqaiua altmmia, &c. ; (e) Jaotelna gigaa 
and Lingula cwrta, with Biplogmptaa amplexicauJia, Orthoceraa ven'tebrate^ &c. T. G. White, 
Report of Director, Neio York State Muamm, Appendix A ; Bull. Geol. kkte. Amer. x. 
(1898), p. 452. 

® Eemaina of ganoid fishes, like Holoptychiua and Aaterolepia, and of a chimteroid fish, 
have been found in what seems to be a representative of the Trenton group in Colorado. 
0. D. Walcott, Bull. Geol, Soc. Amer. iii. (1892), p, 163, 

* According to researches by Mr. Selwyn, the so-called Quebec group as defined by 
Logan embraces three totally distinct groups of rock, belonging respectively to Archeean, 
Cambrian, and Lower Silurian horizons ; and in the fossillferous belt of Logan’s Quebec 
group are included, in a folded, crumpled, and faulted condition, portions of subdivisions 
that lie elsewhere comparatively undisturbed, and embrace strata even lower than the 
Potsdam formation. Trana. Roy. SoCi Canada, vol. i. sect. iv. p. 1 (1882). ’ 


/'Trenton limestone.^ 
(3) Trenton | Black River lime- I 
group. stone. | 

(^Birdseye limestone. 
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Litnites, Machma^ Ortlds calliijrmmna^ and the characteristic Didymograptu^ Mwrchismi. 
A Caradoc horizon may perhaps be marked by strata containing a gi’aj)tolite closely 
related to Liplograytas tnuicatus, while Upper Silurian fossils have been recorded 
from Panl, Brazil, whence species of Lingula, O^^this, Chonetes, Anahaia, Anodm- 
topsk, MiircMsonia, Conitlana, Orthocenis, Cyn'toccras, Prhnitia, and Bollia have been 
obtained.^ 

Asia. — Siluiian rocks extend into the heart of this continent, thence eastwards to 
China and southwards into India. In Turkestan strata have been found conttiining 
Honudmwtus hmdeatuSt LrpcrcHtia Schmidtii, Vkximimmria micfi'ostriaUt and Leptodouvus 
truncalns."^ 

Prom the province of Sze Chuen, in Western China, Richthofen obtained numerous 
fossils which show the presence there of Middle and Upper Silurian rocks. Among the 
species, some are the same as those that occur in Western Europe, such as Oiihis calU- 
grmmna, Plcctamhoniks {Lrytima) scrkca, Spirlfcr radiatus, Atrypa rcticuhtna, 
FamsUcs jihi'tm, Hcliolites inttTStinctm, HalysUes catemilaria, and others.^ 

The Salt Range of the Punjab contains thick masses of blight red marl, with beds 
of rock-salt, gypsum, and dolomite, over which lie purple sandstones and shales. 
These saliferous rocks have been already (p. 933) referred to as containing Cambrian 
fossils, but it is not yet known whether they include any representatives of the Silurian 
system."* In the regions of the Northern Punjab and Kashmir traces of Silurian organic 
remains have been discovered ; while in the north of Kumaim such fossils have been 
found in considerable quantities. In the central Himalayas of Hundes and Spiti a 
series of conglomerates, quartzites, phy Hites, slates, and shales from 3000 to 4000 feet 
thick, the age of which does not ai)pear to have been precisely determined, passes upward 
into a group of strata, 1200 feet or more in thickness, which is assigned to the Silurian 
system. It consists in great part of coral-limestone and has furnished a large number 
of fossils, including species of 8pluv.rc^ochu8, Lichan, CidymcM, Clieimrus, &c.® 

Australasia. — In Australia, Tasmauia, and New Zealand the existence of the 
Silurian system has been proved by the discovery of a consideiablo number of character- 
istic fossils. In Victoria both Lower and Upper Silurian fossils have long been known 
to exist in a thick series of sedimentary deposits, the older portions of -which, perhaps 
including Cambrian and even pre-Cambrian rocks, have been altered into crystalline 
schists.® The Lower Silurian stiata, consisting of sandstones, slates, shales, mudstones, 
conglomerates, and breccias have yielded a considerable number of giuptolites wdiich, as 
usual, are crowded together in the black shales. By means of these fossils the rocks have 
been separated into graptolitio zones, which may bo broadly paralleled with those of 
Europe. In the shales of Laiicefield the oldest group of fossils includes species of 
Bryogmptus, Leptograptus, Bidymograptust Tctragi'uptus, Clonotjt'aptxis ; apparently above 
these lie the graptolites of Castlemaine, of which the lowest zone is distinguished by the 
abundance of Tctragraptiui fmtkosibs, associated with T. qiutd,rihracUiat‘ns, T, 8crra 
{bryojwides), Diclwgraptxosy sp. Bhylhgvaptiis tyiyiis, Oondograptus, TJmminogra^iiuB 
iypus, Didyviiograptm caducous, Tlie next zone in tisceiidiug order is marked by 

1 D. Forbes, Q, J, G, S. xvii. (1861), p. 53. Knyscr, Z I), G, G, xli.\. (1897), p. 274 ; 1. 
(1898), p. 423. E. 1’. Newton, Ged, Mag, 1901, p. 195. J. M. Clarke, Ardiiv. Mas, 
Mac. Bio do Janeiro, x. (1899). 

^ G. Romanowski, ‘Materialen zur Geologie von Turkestan,’ 1 Lief. St. Petersburg, 
1880, p. 89. 

* Richthofen’s * China,’ vol. iv. pp. 37, 50, where descriptions of the fossils are given 
by Kayser and Lindstroni. 

^ A. B. Wynne, Mem-, Geol, Sw'v. India, xiv. See also FaUeont, Inclictt. ser. 13, vol, 
i. (1887), p. 760 ; Medlicott and Blauford, ‘Manual of the Geology of India,* 1870, p. xx\\ 

® Medlicott and Blanford, qp. cU, p. 649, and 2nd ed. by R. D. Oldham, p. 115. 

® R. A, P. Murray, * Geology and Physical Geography of Victoria,' Melbourne, 1887, p. 33. 
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the abundance of Rkhjmograptus hijidus; the third by the profusion of PhylJograptus 
fgpus and IHchjuioffraptas caduceus, while higher up Logunograptm Logani is the 
prominent species.^ Upper Silurian formations, said to extend over a considerable area 
of the colony, consist of sandstones, mudstones, shales, and slates with crinoidal and 
coral limestones. They have yielded an abundant series of fossils, including corals, 
star-lishes, crinoids, trilobites {Phacops^ Liclms, Homalonotus, Brontcus^ Gahjmene, &c.). 

In the Macdonnell Range of Central South Australia the presence of Lower Silurian 
rocks is indicated by the discovery there of species of Asaphus, Orthis, Ophilcta, Ra~ 
phistoma, MurcUisonuf, Orthocems^ and Endoccraa? In New South Wales it is the 
Upper Silurian formations which have been developed, expanding there, in a succession 
of shales, limestones, sandstones, gi’its, and conglomerates, to a thickness of sometimes 
more than 3000 feet (Yass). From these strata a large suite of organic remains of un- 
mistakable Upper Silurian types has been obtained. They include species of Alveolites, 
CyathophylUiin, Favosites, Salysites, HcUolUe^, OmpKyma, Bronteus, Calymem, Cheimrus, 
Encrhmms, Sonialomkis, ProStiis, Leptmia, Penta^ncnis, and many more.** It is in- 
teresting to note among these fossils the world-wide species Favosites aspera, F. fibrosa^ 
F, gotlarudica, Omphyma MurcMsoni, CaZymem BlxcviefiibaclLii, Eiw'imcrus pxiiictatus, 
Proetus Btokesii, Atrypa reticulans, A. JLcmispJienca, CJmictes stHatella, Flectamlonitcs 
{Leptssnob) serieca, Fentamerita Kniglitii, P. ohlongus, and others equally familiar. 

Tasmania likewise furnishes a good representation of both subdivisions of the 
Silurian sj’stem. The Lower division is grouped by Mr. R. M. Johnston in two sections, 
the older of which, the Auriferous Slate group, consists of slates and grits with 
graptolites {pidymograpitvs) ; the younger, the Gordon River group of limestones and con- 
glomerates, has yielded a varied fauna of corals {Ealyaites, Favosites, SyHngopom, 
Fhillipsctstrma, &c.),brachiopods, lamellibranchs gasteropods {Baphistoma, &c), 

cephalopoda {Orthoceras, Lituites), and other organisms. The Upper Silurian formations 
of the island, classed in the Eldon gi’oup and consisting of slates, mudstones, sandstones, 
conglomerates, and limestones, have supplied many fossils, among which are species of 
Fcnimncnis, Orthis, Stropliomena, CaJymeiie, &c. 

In New Zealand a thick mass of sedimentary formations, classed by Captain Hutton 
as his Tdkaka system, has been subdivided into (1) a lower division fWanaka, including 
the Mount Arthur and Aorere series of Sir J. Hector) in which a few crinoids, graptolites, 
and a coral have been found, and which are referred to the Lower Silurian series. They 
are much disturbed by hoi-nblendic and syenitic eruptive rocks ; and (2) an upper division 
(Baton River series, including the Kakanui and Waihao series), consisting of slates, sand- 
stones, and limestones, from which Oalymem BhcinenhadiU, Spirif&r radiatm, Sti'icl'' 
Imidinia lireda, and other Upper Silurian forms have been procured. A great part of 
the so-called metamorphic schists are probably Upper Silurian rooks. ^ 

Seetion iii. Devonian and Old Red Sandstone. 

In Wales and the adjoining counties of England, where the typical 
development of the Silurian system was worked out by Murchison, the 
abundant Silurian marine fauna disappears in the red rocks that overlie 
the Ludlow group. From that horizon upwards in the geological series 

1 T. S. Hall, Proc, Roy. Soc, Victoria, 1894, 1896, 1897, 1898. F, M‘Coy, ‘Prodromus 
of the Palteontology of Victoria,* Dec. i. ii. and v. 

^ R. Etheridge, jimr. * Additional Silurian and Mesozoic Fossils from Central Australia,’ 
Adelaide, 1893. De Koninck, ‘Foss. Palseoz. NouveUes Galles du Sud,’ 1876. 

^ R. Etheridge, jimr. ‘A Catalogue of Australian Fossils,' Cambridge, 1878; W. B. 
Clarke, ‘Remarks on the Sedimentary Formations of New South Wales,' 4th edit. ; C. S. 
Wilkinson, ‘Notes on the Geology of New South Wales,* Sydney (1882). 

^ F. W. Huttou, Q. J. G. S. xli. (1886), p. 198 ; Hector, ‘Handbook of New Zealand,’ p. 37. 



DErOXIAX AXD OLD EE I) SANDSTOXE 


981 


SECT, iii 


we have to pass through some 10,000 feet or more of barren red sand- 
stones and marls, until we again encounter a copious marine fauna in the 
Carboniferous Limestone. It is evident that between the disappearance 
of the Silurian and the arrival of the Carboniferous fauna, very great 
geographical changes occurred over the site of Wales and the west of 
England. For a prolonged period, the sea must have been excluded, or 
ab least must have been rendered unfit for the existence and development 
of marine life, over the area in question. The striking contrast in general 
facies between the organisms in the Silurian and those in the Carboniferous 
system, proves how long the interval betAveen them must have been. 

The geological records of this interval in Wales and the Avest of England 
are still only partially uni;jivclled and intei-preted. At present the general 
belief among geologists is that, while in the west and north of Europe the 
iSilurian sea-bed was upraised into land in such a way as to enclose large 
inland basins, in the centre and south-Avest the geographical changes did 
not suffice to exclude the sea, which continued to cover that region more 
or less completely. In the isolated basins of the west and north, a peculiar 
type of deposits, termed the Old Eed Sandstone, is believed to have 
accumulated, while in the shallow seas to the south and east, a series of 
marine sediments and limestones was formed, to Avhich the name of 
DeA’-onian has been given. It is thus supposed that the Old Eed Sandstone a 
and Devonian rocks represent different geographical areas, Avith different | 
phases of sedimentation and of life, during the long lapse of time between ^ 
the Silurian and Carboniferous periods. A somewhat similar contrast 
between the lithological and palaeontological characters of the corresponding 
formations in different parts of tho United States and Canada, shoAvs that 
in America also this geological period was marked by geologic^il changes 
which produced distinct geographical conditions in adjacent regions. 

That the Old Eed Sandstone of Britain docs represent the prolonged 
interval between Silurian and Carboniferous time can be demonstrated by 
innumerable sections, where the lowest strata of the system are found gradu- 
ating downward into the top of the LudloAV group, and Avhere its highest 
be,ds are seen to pass up into the base of the Carboniferous system. But the 
evidence is not everywhere so clear in regard to the true position of the 
Devonian rocks. That these rocks lie betAveeu Silurian and Carboniferous 
formations was long ago .shoAvn by Lonsdale from their fossils. But it is a 
curious fact that in some countries where the LoAver Devonian beds are 
developed, theUpper Silurian are scarcely to'be recognised, or, if they occur, 
can hardly be separated from the so-called Devonian rooks. It is quite 
possible, therefore, that the lower portions of what has been termed the 
Devonian series may, in certain regions, to some extent represent what 
are elsewhere recognised as undoubted Ludlow or even perhaps Wenlock 
rocks.^ We cannot suppose that the rich Silurian fauna died out abruptly 

^ According to Kayser and Beyricli the limestones of the Hercynian series in the Harz 
and Nassau, together with Barrande’s Upper Silurian Stages F, G, H, in Bohemia, are to he 
regarded as truly Devonian, and as being the <leeper-water equivalents of the arenaceous 
series of the normal Lower Devonian series on the Rhine. {AhhandL Gfool. 

Prenssen, II. Heft 4, 1878. Z, D. 0, Q, xxxiii. (1881), p. 628.) See p. 993. 
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at the close of the Ludlow epoch. We should be prepared for the dis- 
covery of Silurian rocks younger than the latest of those in Britain, such 
as Barrande showed to exist in his Stage H, or for a Devonian facies of 
fossils in rocks which are nevertheless regarded as Silurian. The rocks 
termed Lower Devonian may partly represent some of the later phases 
of Silurian life. On the other hand, the upper parts of the Devonian 
system might in several respects be claimed as fairly belonging to the 
Carboniferous system above.^ 

The marine or Devonian type must be regarded as the more usual and 
widely extended form of the system. It will therefore be taken first in 
the following descriptions. The Old Bed Sandstone, with its extremely 
interesting but more local development, will be afterguards discussed. 

I. DEVONIAN TYPE. 

§ 1. General Characters. 

Eocks. — Throughout central and western Europe, the Devonian 
system presents a remarkable persistence of petrographical characters, 
indicating probably the prevalence of the same kind of physical conditions 
over the area during the period when the rocks were accumulated. The 
lower division consists mainly of sandstones, grits, and gi’eywackes, with 
slates and phyllites. These rocks attain a great development on the 
Ehine, where they form the material through which the picturesque 
gorges of that river have been eroded. In the central zone, limestones 
predominate, often crowded %vith the corals and mollusks of the clearer 
water in which they were laid down, and in some cases actually repre- 
senting former coral-reefs.*-^ The upper series is more variable : being in 
some tracts composed of sandstones and shales, in others of shales and 
limestones, but everywhei'e presenting a more shaly thin-bedded aspect 
than the subdivisions beneath it. Considerable masses of diabase, tuff 
(schalstein, p. 175), and other associated volcanic materials are inter- 

^ J. B. Julies proposed a solution of the Euglish Devonian problem, the effect of which 
would be to turn the whole of the Devonian rocks into Lower Carboniferous, and to place 
them above the Old Red Sandstone, which would thus become the sole representative in 
Europe of the interval between Silurian and Carboniferous time. Journ. Hoy. (JeoL ^^oc. 
Ireland^ 1865, i. Part. 1, new ser. ; Q. J. G. xxii. 1866, and his pamphlet on ‘Additional 
Notes on Rocks of North Devon,’ Ac. 1867). The “Devonian question,” as it has been called, 
has evoked a large iiuinher of papers, of which, besides those cited in subsequent pages, the 
follow'iug may be enuineraterl : Professor Hull, Q. J. G. xxxv. (1879), p. 699 ;xxxvi. (1880), 
p. 255. A. Champeruowne, Qml. Mag. v. 2nd ser. (1878), p. 193 ; vi. (1879), p. 125 ; viii, 
(1881), p. 410. The general verdict has been adverse to the explanation of the stmctiire of 
North Devon proposed by Jukes, and the position of the Devonian system has now been 
definitely established on the continent of Europe and in the United States. 

® Dupont, Bull. Acad. Roy. Belgique {Z) ii. ; Compfesrend. Feb. 18, 1884. Bull. Soc, 
Belg. Geol. vi. (1892), Memoirea, p. 171. The frequent singularly lenticular character of 
Palieozoio limestones is explicable on the assumption that in many cases they grew up in 
patches after the manner of modern coral-reefs and shell-hanks. The interrupted bauds 
of shale in the Belgian Devonian limestones are regarded by M. Dupont as representing 
reef-lagoons that were filled up with muddy sediment. 
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calcated in the Devonian system in Devonshire and in Germany. As a 
rule, the rocks have been subjected to more or less disturbance, and have 
in some places been plicated, cleaved, and even metamorphosed into 
schists, quartzites, <!tc. In some districts, they have been invaded by 
large masses of granite and other eruptive rocks. 



Fig. S84.— Devonian and Old Bwl Sandstone Artliropoda. 

(ij Bstlieria inombianacea, I’aclit., nat, size and magnlllwl (Lower Old Retl Sandstone) ; h, HntomiB 
aerrato - striata, Sainlb., magnified (Upper Devonian); Burj’ptems pygmwus, Salt. (Lower 
Old Red Sandstone); d, Pterygotus angllcus, Ag., rod. (Lower Old Red todstono); <*, Phacops 
latifrons, Brotm. (Lower Devonian) ; /, Brontens flabellifer, Goldf. (Lower Devonian) ; jr, Hoinalonotus 
annatiis, Burm, (Lower Devonian). 

Among the economic products, the most important in Europe are the 
ores of iron, lead, tin, copper, &c., which occur in veins or lenticular 
masses through the Devonian rocks (Devon and Cornwall, Harz, &c.). 
In North America the Devonian rocks of Pennsylvania contain bands 
of “ sand-rock ” charged with petroleum. 
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' Life. — A cryptogamic flora covered the land during the ages that suc- 

ceeded the Siliuian period. As the remains of this vegetation are chiefly 
preserved in the Old Red Sandstone facies of deposits, it is described 
at p. 1001. The true Devonian rocks contain remains of marine vegeta- 
tion {Chondrites^ Bijthotrejphis), and likewise traces, often badly preserv’ed, 
of land-plants {Asterocalamitos, Archmopieris or Falseopteris, 
to which the Ealiseiites, formerly thought to be sea-weed, is now 

The fauna of the Devonian rocks is unequivocally marine. Among 
the more lowly forms of animal life are some of which the true zoological 
grade has been the subject of much uncertainty. Of these, the fossil known 
as Calceola sandalina (Fig. 385) has been successively described as a lamelli- 
branch, a hippurite, and a brachiopod ; but is now regarded as a rugose 
coral possessing an opercular lid like some other members of the 
cystiphylloid group. The Pleurodidpm problematimm, a well-known form 
of the Lower Devonian beds, is now‘ classed with the Favositidse 
among the tabulate corals. The group of Stromatoporoidea, including 
Stromatopora, Clathrodictpo7i, &c., occurs in some of the limestones as 
abundantly and much in the same way as reef-building corals do in a 
modern coral-reef. The curious Beceptaculites^ already (p. 937) referred 
to, is a well-known Devonian fossil, classed by some authors among the 
calcareous algse, by others among the foi*aminifera, or even with the 
sponges. The Corals of the Devonian seas were both abundant in 
[individuals and varied in their specific and generic range. Not a single 
I species is common either to the Silurian system below or the Carboni- 
► ferous above. Among the rugose foims, the genera Ct/nilnj/htjUniii, 
•^Oornbophyllum, Zaplmntis, Phillipsasirm, Acermilaria, Cystiphyllum, and the 
already mentioned Calceola are characteristic. The tabulate kinds 
belong chiefly to the important genera of Favosites, Pachypora, Ti'achypoi'a^ 
AlveoUtes^ Michelinia, Pleurodidyum^ Aulopora, Syringopora, and Fistulipm'a, 
The Alcyonaria are represented by species of Heliolites and Plasmopm'a, 
Of the Echinoderms by far the most abundant representatives are 
crinoids, which occur in great profusion in the limestones, sometimes 
forming entire beds of rock. They belong to the genera Haplocrinus, 
Cupressoc7inv>s, Cylicoc7inus, Eexacnnv.s, ])oryc7i7iiis, Melom 7 i 7 is, 

CalceocHnvs^ Lecytlwmims, Ichthyominys, and others. The cystideans are 
greatly diminished in number, though they linger on into the Carboniferous 
formations; the Devonian forms belong to the genera P 7 'oteocystis^ 
AgelaciiuTis, and Twacri7im, Blastoids, however, are now on the increase, 
and are represented by species of Pentremitidea, Nucleocrmus {El 8 eacfii> 7 i 7 is\ 
Godast&t\ Phaenoschisma, &c. ; ophiuroids or brittle-stars are likewise present 
E%Lgaste7\Palmphmrai Ophmina, 0phiu7'a\ as well as- true star-fishes (Aspido- 
soma^ Palseasier, Loriolaster, Pcdasteriscits) and sea-urchins (Lepidocentims). 

The known Crustacean fauna of the Devonian period indicates a 
striking diminution in number both of individuals and of species of trilo- 
bites (Fig. 384). Most of the genera so abundant and characteristic 
among the Lower Silurian rocks are now absent, but a number of the 
Upper Silurian genera still remain, only a few new types making their 
appearance {Gryphsexis^ DeeJienella), The most frequent Devonian forms 
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are CypJiaspis, Pro'etus, PJiacops, Trimerocephalus, Odontochile (Dalmanite^), 
HoincilonotuSj Bronteus, Acidaspis, Oali/meiie, Earpes, Arges {Lidias) and 
Gheirurus. The ostracods are chiefly represented by the genus Entomis 
formerly called Cypndina, which occurs in enormous numbers in some 
TJpper Devonian shales (“ Cypiidinen-schiefer”), but the genera Leperditia, 
Prmiiia, Klcedinia, Beipidiia, Bairdia and Cypiidina are likewise present. 
The phyllopods, eurypterids, and myriapods appear chiefly in the Old 
Red Sandstone, and are noticed on pp. 1003-1006 and Fig. 384. 



Fi^. — Devouiau FtwHilw. 

fti, Sbringoeephalus Burtliil, I)of. ; ff3, Do. lateral, niid f/J*, Do. internal view ; h, Uacites gryphns, Def. ; 
c, Splrlfer VemeuUl ((li«(,junctnM), How, ; <D, Calceola Haiulnlina, Ijiim. ; Oi)ei*cular lid of do. ; 
e, Ouculleea unilateralia, Sow. (UardfiiKii, Sow.) ; Megalodon cuenUatuH, Sow. 


The Brachiopods (Fig. 385) had now reached a remarkable develop- 
ment, whether as regards individual abundance or number of specific and 
generic forms; more than 60 genera and 1100 species having been 
described. They compose three-fourths of the known Devonian fauna. 
Most of the inarticulate forms continue to diminish in number, being 
represented by species belonging to the still living genus Linguh and to 
Crania^ Orbiculoidea^ Lindstmmella, and a few other genera. Of the 
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articulate types the most abundant are spiriferids, including the genera 
Spirifer b^‘o^ 1 d-^^nged species), Umites, Cifiiia<, AmhocoeUay 

rerneiiilia, ■■■. : '/■ The genus Atrupa still continues in its 

ancient and world-wide species A, reticidaris. The athyiids are especially 
prominent, some of their genera being Betzkty Anoplothecay VituHnciy Athyri^ 
Kay-ienif; Merisfellay Merista and Cam/croaplra, The rhynchonellids include 
the genera EypothyiiSy Eatoiiia, PugmXy Unciiiulus, JFilsonia, and others. 
The pentamerids continue, but in decreased numbers {Pentamerellcty Gypkhilay 
Amphigenia, Caimrophorid), The orthids are like^nse greatly on the 
wane, but continue even into the Permian system. The productids, on 
the other hand, show an increase in number and variety, some of their 
more characteristic genera being Produdellay Strophalosia, Chonostrophia, 
Aiicplia, and Chonetes, The strophomenids, which range from the Lower 
Silurian into the Permian formations, are represented in the Devonian 
system by species of Kayserellay Leptasmy Pholidostrophiay and StropJmdonta, 
The terebratulids make their appearance in this system, where one of 
their most characteristic genera is Stringocep)halu,% one of the largest and 
most typically Devonian brachiopods (Fig. 385), other forms being 
Megcdanteris, Gryptonella, Dielasma, Eunelldy and TrqMokphis, to which may 
be added the characteristic Lower Devonian Penssel^ria, together with 
Centronella, Omhankiy Tiigeriay and other forms. 

Among the Mollusca of the Devonian rocks remains of the 
pteropod Tentamlites are sometimes profusely abundant in the lime- 
stones. The known Devonian lamellibranchs belong chiefly to the genera 
Fterineiiy Actiiwdesm, Leptodesnutj Ptena {A'ncula\ Cardiola, 

Gh'ammysiay Gucidlsea, Modiomo7pha, PleuropJiorus, Gypicardella, Gurtonotus 
and Aviculopecten; Pterinea being specially abundant in the lower, Gucidlm 
and Gurtmiofus in the upper subdivision of the system. Important 
genera of gasteropoda are EuompJmlus, StmparoIliiSy Murchisonici, Loxonem-a, 
MaaroclieilvSy Scoliostoniay CwpiduSy Pleurotomamiy Bellerophorty and Porcellia. 

The cephalopods show a marked advance on those of the older 
periods. Among the nautiloids a number of the older families still 
survive, including such genera as Orthoceras, Cyclocems, Kionocei^aSy 
Sphyradocerasy Lacoceras, Aotinomm, GyrtoceraSy and Poteriocmus, But 
new forms make their appearance {Homalocefi'oSy Eallocei'oSy RytkeraSy 
BliadinoceraSy Genti'ocmis), The ammonoids now take their place at the 
head of the mollusks, and from this system onward into the^ Jurassic 
formations show a constant increase in numbers and - variety. In the 
Devonian rocks they appear in their primitive forms, the clymenioids 
being more especially typical of these strata. The old genus Glymeniay 
now subdivided into a number of genera, is especially prevalent in the 
limestones and shales of the upper part of the system. The goniatitoids 
make their entry in the genera BactriteSy MimoceraSy AnarcesteSy AgonkdiieSy 
Ap%ylUteSy PimiaciteSy Gephji'ocei'OSy TiincmiteSy TornoceraSy BranooceraSy 
Beloceim, and others. The Devonian cephalopods have been recently 
employed for the zonal subdivision of the system.^ 

^ Haug, Mem, Soc, Qiol. France^ PalhntoL 1898. Tlie invertebrate fanna of the Ehine. 
&c., is described by Kayser and others. See table and authorities cited, pp. 991-995. 
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The fish fauna of Devonian time has been best preserved among the 
deposits of the Old Red Sandstone (p. 1004). It would appear that some 
of the fishes of the inland waters could make their way into the opener seas, 
where they mingled with marine organisms. In the Devonian rocks of 
.Central Europe scanty remains of these fishes have been found, more 
especially in the Eifel, but not always in such a state of preservation as to 
warrant their being assigned to any definite place in the zoological scale. 
Professor Beyrich described from CTerolstein in the Eifel an imdoubted 
species of Ph-nrJtfJni^^ which, as it could not be certainly identified with any 
known fomi, he named P. rhennnus. A Cocmfens has been described by 
E. Roemer from the Harz, and an Asjndulithys has been cited by Von 
Koenen. A Ctenucunthm^ seemingly undistinguishable from the G, 
hohemicus of Barrande’s Stage G, has also been obtained from the Lower 
Devonian “ Nereitenschichten ” of Thuringia. A new .heterostracan form 
(Drejntnusjpis) has lately been described by Dr. Traquair from the German 
Lower Devonian rocks. ^ An example of the Dipnoi (PaltedapJms 
devoiiwisis) and an ichthyodorulite {Byssacanthus Gossehti) have been 
obtained from the Belgian and north of France area. The Psammites 
de Condroz, an important member of the Upper Devonian series of 
Belgium, have yielded some of the actual species of fishes found in 
the Upper Old Red Sandstone of Scotland {Holojytychiiis noUlissimm^ 
if, gigantms^ H, Flemingii, and Olyptopomus Kimmirdi), besides other 
species of the genera HolaptyrMiis, Dendrodns, Lamnodus, CncoduSy 
PkylloUpis, and a new genus Pevtagomloph? It is interesting to note 
that these fishes are found in association with abundant traces of a land 
vegetation {ArrJmopteris, Splienopteris), 

The upper Fammenian psammites of Modave, in the Condroz district 
of Belgium, besides likewise furnishing fishes {IMnpiyoJtUis^ Ptmchthys, 
Glypfopomiu% have been found to contain the remains 

of an amphibian.® The late Professor Marsh recorded what he 
believed to be amphibian footprints from near the top of the Chemung 
formation of Warren County, Pennsylvania. The best preserved are 
nearly 4 inches long and 2^ wide. He named the animal Thinopus 
antiguiis. The same strata in which the prints lie show also npple-marks, 
sun-cracks, and rain-prints, together with marine mollusks (Nuculana).^ 
There have likewise been detected traces of insect life, but as these are 
chiefly met with in the Old Red Sandstone they will be referred to 
on p. 1003. 

In the Devonian formations of North America the fish-fauna has 
been well preserved, the Corniferous Limestone being especially 
remarkable for its bone-beds, made up of the remains of vast numbers of 
placoderms. That limestone, a thoroughly marine deposit consisting 
largely of corals, must have been accumulated in comparatively d^ and 
still waters. Many of the teeth of Oiiyrhodiis contained in it haw been 

^ J/Of/. 1900, p. 153. 

Lohest, Ann, Soc, Gf&ol, Bdg, xv. Mwmoires (1888). 

* Loheftt, cit xv. Bulletin (1888). 

^ Anw'. .ronm. >%?. ii. (1896), p. 874. 
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found to be broken and worn, probably indicating that these fishes were 
preyed on by more powerful contemporaries, whose violence or digestive 
energy triturated the harder parts which they swallowed. Among 
the fishes of this limestone are ostracoderms of the genera Acaniliolejpis 
and AcctniJutsjns, also Arthrodii'a belonging to the genera Dinichthys and- 
CoccosteiLS, elasmobranchs of the genus Machairacanthus^ a ganoid of the 
genus Onychorhis, together with Macropetalichthys and Asterosteiis^ and 
some forms allied to the chimseroids (Bhyiichodus), From the Hamilton 
group there have also been obtained Heteraccinthus, Ctenacanthus, Citllo- 
ynathits, and AspidichthysA In the very highest part of the Devonian 
series of Ohio (Black Cleveland Shale) a remarkably abundant assemblage 
of new and strange types of fossil fishes has been met with, including 
the huge Arthrodira Dinichthys, Titanichthys, and Gorgonichthys, together 
with the European genus Coccostem. This fauna is especially distinguished 
by a number of sharks (Oladoselache, at least ten species).^ 

§ 2. Local Development. 

Britain.-* — The name “Devonian” was first applied by Sedgwick and Murchison to 
the rocks of North and South Devon and Com wall, whence a suite of fossils was obtained 
which Lonsdale pronounced to bo intermediate in character between Silurian and Cai*- 
boniferous. The downward passage of these strata into Silurian rocks has not been 
satisfactorily traced by clear fossil evidence, though Lower Silurian organisms have 
been detected in some parts of the region. On the other hand, the Devonian rocks 
clearly gi-aduate upward into Lower Carboniferous strata. Considerable difference exists 
between their development in the north and south of Devonshire. In the former area 
they consist of sandy and muddy materials in the form of sandstones, gi'its, and slates. 
In South Devonshire, on the other hand, they include thick masses of limestone and 
abundant volcanic intercalations in the form of tuffs (schalstein) and lavas (diabase, &c.). 
With these lithological contrasts there is a corresponding difference in the almudanoe 
and variety of organic remains, the calcareoxia rocks of Plymouth and Torquay being the 
chief repositories of fossils. Yet even at the best the Devonian rocks of this classical 

1 Newberry, Monograph, U.tS. O. No. xvi. 1889 ; ‘Palaeontology of Ohio,* vol. ii. 

- E. W. Claypole, GeoL Mag. 1893, p. 443. 

® Sedgxvick and Murchison, Frans. Geol. Sue. 2nd ser. v. p, 633. Sedgwick, Q. J. G. B. 
viii. p. 1. Lonsdale, Proe. Qeol. Boc. iii. ]). 281. R. A. Godwin-Austen, Trans. Geol. Boe. 
(2) vi. p. 433. J. W. Salter, Q. J. G. S. xix. p. 474. T. M. Hall, op. cit. xxiii. p. 871. 
Etheridge, up. cit. xxiii. (1867), p. 568, where a copious bibliography xip to that date will be 
found ; also op. cit. xxxvii. Address, p. 178. A. Champemowne, and W. A. E. Ussher, op. cit. 
1879, p. 532. A. Champemowne, op. cit. 1889, p. 869. W, A. E. Us.sher, Geol. Mag. 
1881, p. 441 ; Q. J. G. S. 1890, p. 487 ; Trans. Roy. Qoriixoall Geol. Boc. xii. 1891 ; Proc. 
Bomerset. Arch. Kat. Mist. Boc. xlvi. (1900). E. Kayser, , Jahrh. 1889, i. p. 189. 
H. Hicks on the Morte Slates, Q. J. G. B. lii. (1896), p. 254 ; liii. (1897), p, 488 ; J. W. 
Gregory, CM. Mag. 1897, p. 59. Annnal Reperrts oj Geological Bvrvey for 1892 and subsequent 
years. The Devonian rocks of Cornwall and Devon have undergone much crumpling 
and dislocation, and have suffered considerable metamorphism. Their fossils are often singu- 
larly distorted, and mica has been almost everywhere abundantly developed in their argillaceous 
and calcareous portions. Much of the so-called “slate ” or “killas ” of these districts is a 
lustrous phyllite. On distortion of the fossils, see D. Sharpe, Q. J. Geol. Boc. iii. The 
remarkable cataclastic and other superinduced structures have been well described by J. B. 
Hill, Trans. Roy. Cornwall Geol. Bor. xii. 1901. 
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region, tliougli they served as the tyi)e formations of the same geological age elsewhere, 
are much less clearly and fully developed than those of the Rhine country and other 
parts of the continent. It is i*ather from the sections and fossil collections of Central 
Europe than from those of England that the stratigmphy and paheontology of the 
Devonian system are to he detennined, 

* This system has long been grouped into three divisions, each more or less distinctly 
mai’kedon by its palieontological chaineters. In Devonshire and West Somerset these 
divisions are ariunged as follows : — ^ 


Northern Type. 
f Pilton group. Slates and grits with 
calcareous seauis( Spirifei' Vemenili, 
Athyris concentrica, Prodvctus 
pnelongiiSj &c. 

Baggy group. Sandstones with Omiil- 
Is&a^ slates with Lingula^ Diadwt, 

Pickwell-Down group. Red, green, 
grey, and purple slates and grits, 
\ '-.iV.y unfossiliferous. 

Ml unfossiliferous, passing 

down into the slates below.^ 


' Ilfracombe slates ; gi’ey silvery slates 
w’ith lenticular impure fossiliferous 
limestone, resting on grits and slates 
of Combe Martin {Oyuthophyllvm 
Cd'apitoaifm, &c. ). 


" Hangman gi'its and slates {E’atim, 
. MyaZi)ia^, 

§ Lyrto" grnu]), grits and calcareous 
§ " ' i'> I*'. /;■ /’ kyatericua^ OJumetea 

, Foreland grits and slates. 


Suutln^ni Type. 

Slates near Ashburton with i^irifev 
VeriLeiiili^ &c. 

Slates of Livaton with Clymerda, 

Red and green slates with Poaidimo- 
mya venuata and abundant 
Entomia aerratoatriata ( = Cyp- 
ridinen-schiefer). 

Red and gi*ey slates with volcanic tuffs. 

Chudleigh limestone with Omiiatites 
{fjfephyrooeras) intiimeacena^ Q. acu- 
/ ?/ N, O. si hi yh .if Ca rd iola retroatriatif^ 
lihyiit‘ifnii>'U,t {Wilaonia) imhoidea, 
R, {Hypothyna) acnminata, Attypa 
retirndaris^ Spirjfer hifUhts, Pro- 
duc-hia aifhimdeatm^ &c. 

Torquay and Plymouth limestones 
passing laterally into skites and 
volcanic rocks {StmigoGephalm 
Rurtini, Uncitea gryphva, FawsCtea 
...V &c.). 

.!• li . • lestones of Hope's Nose 
{Atiypa reti-ciUari8i Kayaeria 
Hpinfar apmoam^ S, cw'vatua^ 
J^iynchoud/a (Wilaonia) citbwideaj 
&c. = Calceola beds). 

Slates and greywackes (Cockingtou, 
Warbeny, Meadfoot) with J*lenro~ 
dictyuvi probleDULticmUi Eomalu’ 
•iiot'Ua, Sjdrifer oidtrijir^gafifa, <S'. 
hysterictMy JPteriuea coatata^, &c. 


Lower. — The clay-slate of Looe, Cornwall, has yielded a species of Ptcraapis^ also 
Pkwvdictytm probleimticmiu The lower gritty slates and limestone bands of North 
Devon contain, among other fossils, Favoaites {Pacli'ypora) cervicojivis, Cyatkophyllwn 
7ielianthoide8i Petraia ceUica, Plcicrodictyum probh'imticmi^ Oyatho&Hmts (two species), 
Sbiiialooiotica (tw'o species), Pliacopa la^ciniatita, Fcimtclla antiquaf Atrypa retimlaria^ 
Orthis arciiata^ Spirifer canalifmcSj S, Imncoatnia, Ptcrinca apiiioaa^ &c. The researches 
of Mr. Ussher and Professor Kayser have brought the Lower Devonian rocks of South 
Devon into closer palaeontological relations with their equivalents on the continent. 
Among the species noted by those observci*s are — Plcmodiclipim qvroUemMimtm, Spirifer 
hystericiiSf S, paradoxus {macroptcnis), S. (nilfHjugatm, Leptsem {StropJiomena) 
rJaynihoidalis, lUhyncJKnieUa daleidmaiSj Chouctea sarainulata, 0. acmiradmta^ Pterinea 
costata, ffOTimlonot'ua gigaa,^axi assembhige which resembles that in the Coblenzdan 
stage of Rhineland. 

^ Dr. Hicks claimed these slates as Silurian on the strength of some rather doubtful fossils, 
the more probably Devonian age of which was siistaiued at the time by Professor Gregory. 
It is possible, however, that the Morte Slates do not belong to the part of the system to 
which they have generally been assigned, and that the apparent order of succession in regard 
to them is deceptive. See the papers cited in the footnote on the previous page. 
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Middle. — It is in this division that limestones are best developed and fossils 
are most abnndaiit. Some of the limestones of South Devon are made up of comls, and 
from their lenticular or sporadic occuri*ence suggest that they were accumulated as reefs. 
Large mjisses of limestone ‘’rapidly die out laterally and are re})laced by slates. In the 
Ashprington district a thick group of %'olcauic rocks consisting of breccias and tuffs 
(schalstein) and diabasic lavas appeal’s entirely to take the place of the limestones.’ 
These volcanic ejections are traceable for many miles, sometimes dwindling down and 
giniig place to limestones or slates, and again swelling out into considerable masses.^ 
They appear to have been discharged from numerous small vents across the area of south 
Devonshire, but no trace of any similar material has yet been detected in the noi*tlrei*n 
part of the county. 

The palaeontological evidence makes it abundantly clear that the limestones of 
Torquay and Plymouth represent the great Middle Devonian limestones of France, 
Belgium, arrd Germany — the Calcaire de Givet, and the Stringocephalen - Kalk and 
Calceola-Kalk of the Eifel. !Jsear Torquay shaly limestones occrrr containing fossils 
that place thenr on the horizorr of the Eifelian gr*ou]> or the Calceolaheds of the coirtirieirt, 
that is, the lower division of the Middle Devoiriair rocks. Anrong these fossils are 
Atrypa reticularis, A. aspera. A, dcsquunmta, Kayseria l&us, Stroplieodonta (Leptsena) 
iivterstHalis, Pcntamerm galeatus, lUiynchtmcUa enhokUs, HpiHfer curmtus, S. speciosns^ 
Orthoilietes {iHreptorhtjiyJms) umhraculiim, Procluctiis siibaeuleattcs, Phaeops latifvons, 
Gyathophylhm Ueteropliyllm)\ G. danmoniensc, O, h^liantlioides, Cystipliyllum i?m- 
culosim, Calccola saiidalina, Favosites Gold/ussi, IleliolUes porosa, Stromatopora 
conccntrica. The massive limestones yield the characteristic farrna of the Givet or 
Stringoeephalus limestone including the cor*als Cyaihophyllwni lieliantlwidcs, C, 
damnoniense, Cysttpkylhim resicidosuni. Alveolites, Favosites polymorpha, Rtriatopora 
d&ntkulcda, Amphipora ramosa, HelioUtcs porosa, Favosites Goldfimi, Stromatopora, 
Eeceptaaulites Neptunii Stringoeephahis BuHini, Uiicites gi'yplbus, Magcllania {Tcrc- 
'bra;tula) JVJiidboriwi, 3L juvenis, CyrtUia IivtcroclUa, Sqnryfer undiferus, Ithynclwuella 
parcdlelopipeda, R, ( Wilsonia) cuboides, R. {Pagnax) pugnxcs, Canuirophoria himmi- 
toiiexisis, Peivtamerus brexirostm, Stroplicodoxvta vUerstrialis, Froductus subaeiileatiis, 
Cypricardinia, ProStus, Bronteus, &c.“ 

Upper. — In South Devon Upper Devonian rocks are now known to be well 
developed and to present palceoutological representatives of the several zones which have 
been established in this division on the continent. Three suclr zones have been yecogiiisod. 
Ist Massive limestones which pass down continuously into those of Middle Devonian 
age. They contain Rhynchonella ( Wilsonia) cuboid&s, It {Hypothyris) acummaia, Atrypa 
reticularis, Atliyris conccntrica, Spirifer biJUlus, S. lincatus, Frodxbctus suhcuruleoixis, 
Magellania [Waldheimia) Whidhoni&i, M&i'isia plcbem, Gomcardixim, Harpcs, Stroma- 
tqpoi'a EiXpsckii, Actiiwstircyma claXlhratuxn (?) &c. 2nd, Goniatite bods which, overlying 
and passing down into the limestones, are marked by the irresence of numerous gonia- 
tites {Gephyroceras intximesccns, G, coniplaxiatuxn, Beloceras sayittarium, Tomoccras 
acutvmi, T. simplex), with Cardiola retrostrkita, Myalina sp., Sanguimlaria, Bactrites, 
Aveolites, 3rd. Cypiidina slates, containing ostracods {ExUomis s&rratostriafa) and 
Clymonias (O', laevigata and other species). These throe zones may be paralleled 
respectively with the Frasnien -and Fammenien group of the Franco-Belgian area and 
with the Goniatite (Adorf, Iberg) limestone, Oypridina slates and Clymenia limestone 
of the Eifel and Ehine. 

In North Devon this palceontological grouping has not been so satisfactorily made out ; 
but in that region there is an insensible gradation upwards through various sandy and 

1 Ohampemowne on the Ashprington Volcanic Series, Q. J. G, S, 1889, p. 369. 

2 Ussher, Q, J. G. S, 1890, p. 661. B. Kayser, Fexces Jalirb. L (1889), p. 186. Eev. 
G. F, Whidborne, ‘A Monograph of the Devonian Fauna of the South of England,’ Monog, 
Palseoni. Soc* 
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In the Harz, according to the researches of Riimer,^ Lessen,^ Kayser, Koch, and 
others,® the Devonian system, largely developed, consists of (1) a lower group of 
quartzites, greywaokes, flinty slates, clay slates, and associated hands of diabase (classed 
as “ Hercynian ”), lying above the graptolitic Wieda shales and Tanne greywacke 
(p. 976) ; (2) a middle group composed of {a) Calceola-beds (Spirifer miUHjugaius, 
Calceola sandalina) and (&) Stringocephalus limestone, consisting of a lower ciinoidal 
band and a massive limestone ; and (3) an upper group consisting of {a) Cuboides- 
beds, limestones and marls, (&) Goniatite shales, (c) Cypridina shales. The eastern part 
of the region consists mainly of greywaokes and slates which, with their associated igneous 
rocks, attain a great thickness in the Wieda slates. These slates are partly Upper 
Silurian, since they contain a number of simple graptolites, while the limestones under- 
neath yield abundant trilobites {Dalhuxnites, OryplmuSi PhacopSt Bro'nitma^ Addaspu), 
Representatives of the Devonian system reappear with local petrographical modifica- 
tions, but with a remarkable persistence of general palceontological characters, in 
Eastern Thuringia, Franconia, Saxony, Silesia, the north of Moravia, and East Gallieia. 
In Thuringia, where the stratigi-aphical succession can be ti’aced from Cambrian rocks 
through Lower and Upper Silurian, the Devonian system lies unconformably on these 
older formations, and is represented by (1) a Lower series of calcareous shales with 
TerUaculitca^ interstratified with bands of quartzite {Ncrcitcs) at the top, and lenticular 
limestones with Ctenaca'nth'its at the bottom, and including interstratified diabase lavas 
towards the east ; (2) a Middle series of dark shales, greywaokes, and rare limestones, 
but with diabase tufl's and lavas towards the oast {At 7 'ypa rctimlaris, corals) ; (3) an 
Upper series of nodular limestones with Goniatites {Gephyrom'as intumescenst 0. retronnwi, 
Beloccras sagittm'iinn), various Olymenias ; green and red shales with Fosidonoonya veiiuata 
and Entoniis aerrato-striata. In the eastern part of the country this upper subdivision like- 
wise includes numerous interstratified diabase-lavas with tufl's and volcanic bi'eccias.'* 

In Bohemia, as already stated, the gi*eater part of Ban'ande’s Stage F aittd 
the whole of G s-nd H, which he classed in his third fauna or as Upper Silurian, are now' 
placed in the Devonian system.® The following table gives the German equivalents of 
his subdivisions : — 


Stage Hs 


Stage Hi 
Qo 


r Upper Stringocephalus beds of the Etfel. IVlaHsen-Kalk of Hesse Nassau. 
Givetiaii-j Lower Stringocephalus beds of the Eifel. Odersliailsor-LiniCHtoue of 
Hesse Nassau. 

Eifelian, Calceola group of the Eifel. Qihiteroder-LiiueRtonc of Hesse Nassau. 


« VCoblenzian, cidtrjj lu.iatua beds of the Eifel. 

j Nassau. Greifenstein Limestone. 

P (part) Lower Devonian. 


Ballersbach Limestone of Hesse 


Farther east, in the district of Hussion Poland, which lies between Soudomir and 
Kielce to the west of the Vistula, a largo development of Devonian rocks is to be seen, 
including representatives of all the throe divisions. The equivalents of the Ludlow 
rocks ahready noticed (p. 976) are followed by hard quartzose sandstones with numerous 
fossils {SpirifeT (mriculcdus^ macropternSf JS. carinatuSt S. mhei^spidatm, S, Uamcosta, 
Ohonetes sardnulataf Orthis orliculaHs, Tmiicusulitea, Cnjphtvfmi &o.), snid by a sandstone 
which contains fragmentary fish remains {Fsammostefi^, Coccostcust &c.)> The Middle 
division is more fully represented and has yielded a large assemblage of organic remains. 

^ In its lower half, consisting of sandstones, shales, marls, limestones, and dolomites, there 


‘ Nord. xiiL (1886), p. 292. The spirifers of the Belgian Coblenzian rooks have been described 
by F. B6olard, Bull. 80 c. Bdg. Q&ol. ix. (1896), p. 129. 

) 1 ‘Versteinerungen des Harzgebirges,* 1843 ; ‘Bheinisch. Uebergangsgebirge,* 1844. 

® Geologisch. Uebersichtskarte Harz,* 1881. 

® See Ahkand. Preuss. OeoL Landesanst. ii. 4 ; iv, 2 j viii. 4 ; ix. 2 ; Neue Folge, Nos, 
;i, 16, 17. 

^ Barrois, Ann. Soc. Giol. Nord. xx. (1892), p. 67. 

® See Professor Kayser’s papers on this subject cited ante, p. 974. 
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occur Cakeola Bandalim^ Atrypa reticularis, CJwnetes sardnulata, StringocephalusBurtini, 
Pentamerus gaJeatus, Brontens, Phacops latifro'ua, ProStus, &c., while in its upper half, 
which includes fetid and other limestones and shales, there are found numerous corals 
and other fossils [Stroinatopm'a, Amphvpora rmiosa, HeliolUes porosa, Atrypa reticu- 
laris, A, asjpera, Btrimjoceplhalus Burtini, Addaspis, &c.)» These strata graduate upward 
into the Upper division, which consists largely of sheets of limestone, and shales -or 
marl The lowest limestone has yielded upwards of 60 species, among which are Orthis 
striaiida, Martinia infiGta^iAMliy'iidwnella cuboides, with species of Brmteus, Addaspis 
and Oyplhospis. A higher limestone contains a number of cephalopoda, Orthoceras, 
MardicoceTCLS, O^hyroce/i'os calculifoi'ine, Tonwce^'os (three species) with Tentaculites 
tenuicinctus, Oardiola retrostriata. Still higher up are found Bntmnis, three species, 
Phcscops, TrimerocephaZM typhlops {Phacops eryptophthahmis), Cyrtody‘})ienia, Gmiatites, 
The uppermost strata are specially characterised by their Cl^nnenias {Cyrtoclipnenia, 
Plaiyclymenia) and species of MUoinis, and are no doubt the equivalent of the Gypridimt,- 
shales and C7^;?z^im-limestones of Germany.^ 

Among the crumpled formations of the Styi'ian Alps, the evidence of organic 
remains has revealed the presence of Upper Devonian rocks with abundant Clymenias, 
J^Iiddle Devonian limestones with the characteristic Btringocephalus and numerous 
coi-als, and Lower limestones and slates with cephalopoda and brachiopods.® Perhaps 
in other ti*acts of the Alps, as well as in the Carpathian range, similar shales, lime- 
stones, and dolomites, though as yet unfossiliferous, but containing ores of silver, lead, 
mercury, zinc, cobalt, and other metals, may be i*eferable to the Devonian system. 

In Fiance and Belgium the Devonian system has long been recognised (table, p. 991). 
Its middle and upper raembera (Givetian, Frasnian, Famennian) are well exposed in 
the Boulonnais. In Normandy and Maine, sandstones (with Orthis Monnieri), 
are followed by limestones (^rith Emmlmotus, Oi'yplhm%^, Phacops, &c.), and by upper 
greywackes and shales {mi\i Plem'odi(Ayum pi'oUeriiaticiim),^ In Brittany dso, 
Devonian sti’ata are found, including representatives of the Famennian gi’oups with 
Cypridinas and Goniatites, shales and limestones with Eifelian cephalopoda, Pleuro- 
dictymiprolUnmticum and SpiHfer cultrijugatus, and a series of gi-eywackes, sandstones, 
and shales with Chcnietes sarcmulata, Phacops latlfrons, &c.'‘ In this region lies the 
limestone of Erbray (Loire InfMeure), so fully described by Barrois, who, from its , 
abundant corals, numerous brachiopods and gasteropods, and its trilobites of the genera 
Galymene, Phacops, BoHrmnites, ProUus, Harpes, Brmt&iis, and Ghdrwms, places it in the 
Gedinnian group at the base of the Lower. Devonian series, and compares it with the 
Hercynian limestones of the Harz.° In the remarkable oasis of ancient rocks which 
has been already refen-ed'to as foitning a conspicuous feature among the younger 
foimations of Languedoc,- representatives of the three gimt divisions of the Devonian 
system have been worked out by F. Freeh.® Again, the central Silurian zone of 
the Pyrenees is flanked on the north and south by bands of Devonian rocks (with 
broad* winged spirifers and other characteristic fossils), which have been greatly disturbed 

^ G. Gurich, ‘Das Palseozoicuiu des Polnischen Mlttelgebiiges,* Yerh, Buss. Min, Ges. 
2nd8er. xxxiL (1896), pp. 1-539, with map and plates of fossils. This paper is a detailed 
monograph of the older Paleeozoic rocks of Poland, more especially of the Devonian 
formations, with paheontological descriptions of the fossils. 

® G. Stache, B. D. G. G, 1884, p. 358. Freeh, op, cit 1887, p. 660 (and authors there 
cited) ; 1891, p. 672 ; 1894, p. 446 ; 1896, p. 199, and his ‘Die Kamischen Alpen,’ 1894. 

® Oehlert, B, S. G, F, xiii. (1884), p. 6 ; xvii. (1889), p. 742. Barrois, qp, cit xiii. p. 7 ; 
An7i. SoQ, GSol, Ew'd, sdii. (1886), p. 170. 

^ Barrois, Ann, Soc, GkH, Ford, iv. xvi. xxvii. 

® ‘Faune du Cnlcaire d’Brbray,’ MSni, Soc. GSol. .iii. (1889); Am,, Boc, Gid, 
Nord, xiii. (1886), p. 74. 

« Z, D, G, G. ::?xxix, (1887), p. 402. 
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and altered. In the Asturias, according to Barrois, a mass of strata about 3280 feet 
thick contains representatives of the three divisions of the Devonian series, and has 
yielded an abundant fauna, numbering upwards of 180 species, among which the corals 
and brachiopods are specially abundant.^ In the Spanish peninsula numerous outcrops 
of Devonian rocks have been noticed. 

• Throughout Central Europe there occurs, in many parts of the Devonian areas, 
evidence of contenipoianeous volcanic action in the form of intercalated beds of diabase, 
diabase-tuff, schalstein, &c. These rocks are conspicuous in tlie ‘ ‘ greenstone tract of 
the Harz, in Nassau, Saxony, Westphalia, the Fiohtelgebirge, and, as above stated, in 
Thuringia. Here and there the tuff-bands are crowded with organic remains. It is 
also deserving of remark that over considerable areas (Ardennes, Harz, Sudeten-Gebirge, 
&c.) the Devonian sedimentary formations have assumed a more or less schistose chamcter, 
and appear as qiiartzo-phyllades, quartzites, and other more or less crystalline rocks 
which were at one time supposed to belong to the “ Archfiean” series, but in which 
recognisable Devonian fossils have been found (pp. 709, 800). At numerous places, also, 
they have been invaded by masses of gi-anite, quai-tz-porphyry, or other eruptive rocks, 
round which they present the chai’acteristic phenomena of contact-metamorphism (pp. 
778, 783). These changes may have led to the subsequent development of the abundant 
mineral veins (Devon, Cornwall, Westphalia, Harz, kc.), whence large quantities of 
iron, tin, copper, and other metals have been obtained. 

Bussia. — In the north-east of Europe the Devonian and Old Red Sandstone types 
appear to be united, the limestones and marine organisms of the one being intemtraidfied 
with the fish-bearing sandstones and shales of the other. In Russia, as was shown in 
the great work ‘Russia and the Dral Mountains,* by Murchison, De Verneuil, and 
KeyserHng, rooks intermediate between the Upper Silurian and Carboniferous Limestone 
formations cover an extent of surface larger than the British Islands. This wide 
development arises, not from the thickness, but from the undisturbed horizontal 
character of the strata. Like the Russian Silurian deposits, they remkin to this day 
nearly as flat and unaltered as they were originally laid down. Judged by mere 
vertical depth, they present but a meagre representation of the massive Devonian 
greywacke and limestone of Germany, or of the Old Red Sandstone of Britain. 
Yet, vast as is the area over which they constitute the surface-rock, it probably 
forms only a small portion of their total extent; for they rise up from xmder the 
newer fomiations along the flank of the Ural chain. It would thus seem that they 
spread continuously across the whole breadth of Russia in Europe. Though almost 
everywhere undisturbed, they afford evidence of terrestiial movement immediately 
previous to their deposition, for they gradually overlap Upper and Lower Silurian rocks. 

In the north-western parts of the Empire three lithological gi’oups are tlie prominent 
constituents of the Devonian series, the lower consisting chiefly of sandstones with sub- 
ordinate marls and clays ; the middle, of limestones and dolomites, and the upper almost 
wholly of sandstones. As these subdivisions are traced into the centre of the country, 
this threefold arrangement ceases to be traceable, the strata being there almost wholly 
limestones and dolomites. The sandstones are distinguished by the numbers of fossil 
fishes which they contain, but are poor in shells, only yielding small examples of Ling^Ua, 
The hmestones, on the other hand, are crowded with an abundant and vjiried fauna. 
Those of the middle subdivision in the north-western region have been ranged in four 

^ “Recherches sur les Terrains ancieus des Asturies,'* &c., Mim, 8oc, Q6dl, AVd, ii. ; 
Ann,Soc, QSol Nord, vi. (1879), p. 270 ; xii. (1886), p. 124 ; xx. (1892), p. 61. J. Roussel, 
liuU. Carte, Gkl. France, No. 36 (1898). 

® Besides the great work of these three pioneers, the student will find much recent 
information regarding Russian geology in the M^mkes da CmiU Ghlogigiie of Russia. 
See for Devonian data T. Tschemychew, vols. i. iiL (a detailed memoir on the lower, 
middle, and upper divisions of the system in the Ural region). 
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hoiizons. Of these the lowest, which reposes immediately on the sandstones, is marked 
by the occurrence of EhyiwlLonella Meyendorfii, B. liwnica, Spirifer miiraZis, Stropho- 
nienaprodii/itoideai Atrypa reticulaTis, Orthis striatula, Avi(yiLlopectm BelUrophon 

trildbaiiis^ &c. The second platfoim contains a somewhat different fauna, distinguished 
by the association of ^pirifer ‘nmralis^ S, Archiad, and S, tmticuhim. The organisms 
of the third horizon are more distinct and typical, some of the more important being 
Spirifer Vertieuili, OyHina Tieteroelita^ Athyris Edniersenii, Fawsites polymorpha, 
Cyathophyllmi hexagoniinti OrhicuZoidea {Dismia) nUida^ RKynchonella {Ptigiiax), 
pmgnus ; numerous lamellibranchs, as Avkula Bterinea truLugularis, Myalihut 

amtirostris^ and also Murdiisonia pusillaj Bell&rophon UneatuSi Gomplwceraa cyclops^ 
Phrciginoceras inversmi, &c. The fourth horizon is marked by abundance of Spirifer 
Anossqfi. These four divisions are supposed to represent the Stringocephcilus-^imQ^toiiQ 
and Galceola-gaovip of Central Europe.^ 

As was first signalised by Murchison and his associates, a special interest attaches to 
these Russian strata, inasmuch as they display the union of the elsewhere more or less 
distinct Devonian and Old Red Sandstone types. While the calcareous bands contain 
organisms of known Devonian species, the sandstones afford remains of fishes, some 
of which are specifically identical with those of the Old Red Sandstone of Scotland. 
The distribution of these two palseontological facies in Russia was traced by Murchison 
to the lithological characters of the rocks, and consequent original diversities of physical 
conditions, rather than to differences of age. Indeed, cases occur where, in the same 
band of rock, Devonian sheila and Old Red Sandstone fishes lie commingled. In the 
belt of the formation which extends southwards from Archangel and the White Sea, 
the strata consist of sands and marls, and contain only fish remains. Traced through 
the Baltic provinces, they are found to pass into red and gi’een marls, clays, thin lime- 
stones and sandstones, with beds of gypsum. The lower parts of the series contain 
OsteolepiSy Dipterus, Diplopterus^ and AsterolepU {Emmsteus)^ while in the higher beds 
EoloptycMtcSj Bothriolepis, and other well-known fishes of the Upper Old Red Sandstone 
occm\ Followed still farther to the south, as far as the watershed between Orel and 
Woronesch, the Devonian rocks lose their red colour’ and sandy character, and become’ 
thin-bedded yellow limestones, and dolomites with soft green and blue marls. Traces 
of salt deposits are indicated by occasional saline springs. It is evident that the geo- 
graphical conditions of this Russian area during the Devonian period must have 
resembled those of the Rhine basin and Central England during the Triassic period. 
There is an unquestionable passage of the uppermost Devonian rocks of Russia into the 
base of the Carboniferous system, but a complete break betw^een them and the highest 
Silurian strata. The lowest parts of the British Old Red Sandstone, containing JPtcry- 
goPas, C<phal(i8pi8, Btercu^is, &c., are wanting. 

Asia. — From the Ural chain eastwards, the Devonian system sti'etches into the 
heart of Asia. Devonian fossils have been recognised in the region of the Altai, where 
the limestone of Kijukowsk has yielded Fhaeops altaimsy Earpes retimblai'iLa^ BrontcMS 
sibiricios, BroUus Oehlert% Balmaniies, QcmaMtes {Ana/rcestes) latcseptah^s, Orthoceras 
ulhense, Platyceras di^iLnctvmt Meristdla yp&olm^ Merisbma ( WMtJUldia) tumida, Athyris 
wndedat Spirifer sibiriciLS, &c. — an assemblage that may represent the Coblenzian group 
of the typical Rhineland series.^ Richthofen brought fi’om south-western China a series 
of marine fossils which show the presence there of strata probably referable to Middle 
and Upper Devonian horizons. Out of 28 species named by Kayser, no fewer than 13 
are cosmopolitan, including such familiar for'ins as Bhyiichoiidla euhoideSj B. pugwus, 

^ P. N. Weujukoff’, ‘ Die Fauna desDevonischen Systems imnordwestlichenundcentralen 
Russland,* St. Petersburg, 1886. This paper deals only with the invertebrate fossils, and 
leaves out the distribution of the abundant ichthyolites. 

® T. Tsohemychew, ‘Materialien zur Kenntniss der Devonischen Fauna des Altai’s,’ 
St. Petersburg, 1893i. 
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Pentam&i'^ULS gaUoAm^ Atrypa reticularis (var. desguamaia), Merista ^leheia, Spirifer 
Vemeuils (hihis stricdula, Produdus mhaculeatuSi Htrophalosia prodwstoides, Aulopora 
tuhxfomis} 

In the Hindu Khoosh Devonian fossils have been obtained from the right bank of 
the Chitral river, consisting of corals and brachiopods {Favositcs, Oyathopliylhtm, Orthis 
stHodula, Spirifer extetmiSt S, disjumtuSt Athip'is coriceiitrica, Atrypa aspera, Emvsselmia 
strmgicieps)f 

North America. — The Devonian system, as developed in the Northern States, and 
eastern Canada and Nova Scotia, presents much geological interest in the union which 
it contains of the same two distinct peti-ographical and biological types found in Europe. 
Traced along the Alleghany chain, through Pennsylvania, into New York, the Devonian 
rocks are found to contain a characteristic suite of marine organisms comparable with 
those of the Devonian system of Europe. But on the eastern side of the great range 
of Silurian hills we encounter in the north-eastern States, New Brunswick and Nova 
Scotia, a succession of red and yellow sandstones, limestones, and shales nearly devoid of 
marine organisms, yet full of land-plants, and with occasional traces of fish remains.® 

The mai’ine or Devonian type has been grouped in the following subdivisions by the 
geologists of New York : — 

Catskill Bed Sandstone, with fish remains (Boloptychius^ &o.). 

Chemung group {Spi/rifer Vern&uUi), 

Portage group {Gmiatites, Oardiola, CLymema), 

.Genesee group {Rhynclwndla cf. cfiiboides). 

Hamilton group {Phacops^ JSmimlonoim^ Oryphmt^), 

Marcellus group {Go-niatites). 

'Comiferous limestone {Spirifer acfimi'iiw.tuSf S, gregarius, Dal- 
manites, ProUm). 

Onondaga limestone, Schoharie grit, Cauda - galli grit, Esopus slate, 

(This and the Comiferous limestone are bracketed together as 
the Upper Helderberg group). 

.Oriskany sandstone** {Spirifer arenoms, Remsdsma oroides)^ 

In the Lower Devonian series, traces of tennstrial plants {Psilophyton, Oaulopteris, 
&c.) have been detected, oven as far west as Ohio. Corals (cyathophylloid forms, with 
FavosUes, Syringopora, &c.) abound, especially in the Comiferous Limestone, perhaps 
the most remarkable mass of coral-rock in the Ameiicau Palteozoic series, from 
which Hall gathered a magnificent collection of specimens. Among the brachiopods 
are species of Pentamerus, Stricklandiniaf JEUiynchmiella, and othera, with the charac- 
teristic European form Spirifer eidtripigai'iiSi and the world- wide Atrypa reticularis. 

^ Bichthofen, ‘Chinn,’ iv. p. 75. Abundantly fossiliferous Devonian rocks have been 
found in the provinces of Yunan and Kwei Chau (Doiiville, Qompt, rend. 26th Feb. 1900), 
and more recently some beds of anthracite interstratified among the shales and limestones 
(G. H. Monod, op. cU. 4th Feb. 1901). 

® General M ‘Mahon and Mr. Hudleston, Geol, Mag. 1902, pp. 3, 49. 

* See a suggestive paper on ‘Palaeozoic Seas and Barriers in Eastern North America,’ by 
K 0. Ulrich and C. Schuchert, Bull. N(no York State Mus, No. 52 (1902), p. 633. 

^ As already stated (p. 977), there is a difference of opinion among American geologists 
as to where the base of the system should l>e placed. Professor H. S. Williams thinks it 
comes between the Lower and Upper part of the Oriskany group {BuU. Qeol. Soe. Am&r. xi. 
1900, p. 346) ; Mr. Prosser places the line at the Imse of the Cauda-galli grit {B. U. S G. S. 
No. 120, 1894) ; others, like Dr. J. M. Clarke and Mr. Schuchert, would include the Lower 
Helderberg group as the base of the Devonian (B. Qeol. Soc. Amer. xi. p. 241 ; Mem. N&io 
York State Mus. iil No. 3, 1900). In this Memoir Dr. Clarke fully discusses the Oriskany 
fauna. Other recent papers by this able palseontologist will be found in the Bulletin of tlie 
same Museum, Nos. 39, 49, 62. See also his paper on the Oneonta, Ithaca, and Portage 
formation in 16^^ Ann. Rep. State Geologist^ Nm York, 1896, 
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The trilobites include the genera DaVnictnites, iVoS'to, and Eemains of fishes 

occur in the Comiferous group, consisting of ichthyodonUites and teeth of cestraciont 
and hybodont placoids, with plates, bones, and teeth of some peculiar forms {Macro- 
petalichthySy OnycJiodus), 

In the Marcellus shale, Hamilton beds, and Genesee shale remains of land -plants 
occur, but much less abundantly than among the rocks of New Brunswick. Brachiopods 
are especially numerous among the sandy beds in the centre of the formation. They 
comprise, as in Europe, many broad-'winged spirifers {S^pemmtvs &o.), with 

species of ProductiLS, ChorieteSi AthyriSt &c. The earliest American goniatites have been 
noticed in these beds. 

The Portage and Chemung groups in the Eastern districts have yielded land-plants 
and fucoids, also some ciinoids, numerous broad-winged spirifers, udth AvIcuIfb and a 
few other lamellibranchs, but in Western New York a more abundant pelagic fauna 
(Naples) is presented, especially rich in goniatites {Maivticoceras^ numerous species, 
Gej^yroce/raSt Prdbeloc&ras, Beloceras^ Sandbergefi^oceraSi TornoceraSi Baetrites), and Cly- 
menias {CyHoclyn\mia)^ These strata consist of shales and laminated sandstones, which 
attain a mazimum thickness of upwards of 2000 feet, but die out entirely towards the 
interior. They pass up insensibly into a mass of red sandstones and conglomerates 
— the Catskill group,® which is 2000 or 3000 feet thick in the Catskill Mountains, and 
thickens along the Appalachian region to 6000 or 6000 feet. These red arenaceous rocks 
bear a striking similarity in their lithological and biological characters to the Old Red 
Sandstone of Europe. As a whole they are unfossiliferous, but they have yielded some 
ferns like those of the Upper Old Red Sandstone of Ireland and Scotland {ArcJmopteris 
hibernica and a number of American species, CydqpteriSi &c. ) some characteristic genera 
of fish, Rothriolepis, Eoloptychiiis, GlyptopomuSf LipteruSf Gyramnthiis, and a large 
lamellibranch closely resembling the Irish Amnigenia or AnodoiUa. From the Black 
Shale of Ohio at the top of the system and immediately below the base of the Carboni- 
ferous series, the gigantic fishes were obtained to which reference was made on p. 988. 

Devonian formations not only stretch over the eastern part of the continent from 
Canada into northern New England and through the States of New York and Pennsyl- 
vania into West Virginia, but to the west of the Appalachian region they spread through 
Ohio and Iklichigan into Illinois, Missouri, and Iowa. They reappear in force to the 
west of the Rocky 'Mountains, being displayed in Nevada in a mass of limestone 6000 
feet thick, followed by shales and quai’tzite, and with a remarkable similarily of fauna 
from bottom to top, though some Lower Devonian foims are found in the lowest 500 
feet and Upper forms in the highest parts. The system extends still farther west into 
California, where some of its limestones are true coral reefs, associated with slates and 
schists, and are believed to lie about the platform of the Comiferous gx'oup of the eastern 
region or the base of the Middle Devonian series. They contain species of FavositcSf 
Oyathophyllum, AcermdaTia, Alveolites, Syringopora, Mo7dimlipor(t, Loxo7uma, Mnrcki- 
sonia, Bellerophon, Orthoceras, &c.® The Devonian formations of New York and 
Pennsylvania cross into Canada, where they spread over a wide tract in Ontario, and have 
yielded an abundant series of marine fossils, the Comiferous and Hamilton groups being 
particularly well developed. They extend across the distilct of Keewatin, to the west 
and south-west of James Bay, then northwards through Hudson’s Bay to Southampton Is- 

^ J. M. Clarke, “The Naples Fauna, with Maniicocearas intumescens, in Western New 
York,” I6th Ann, Rep, State Geologist, Neno York, 1898. 

® On this group see J. J, Stevenson, Proc. A^ner, Assoc, xl. (1891), Vice-President’s Address 
to G^eol. Section ; Amer. Journ. Sci. xlvi. (1898), p. 830. N. H. Barton, op, dt, xlv. (1898), 
p. 208. Messrs. J. M. Clarke and Schuchert have proposed a revised classification of the whole 
of the older Palaeozoic formations of New York, Science, x. (1899), p. 874. 

® J. S. Biller and C. Schuchert, Amer. Jotirn. Sci. xlvii. (1894), p 416. See C. S. Prosser, 
BiiU. (T.S. G. S. No. 120 (1894). 
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land and westward into Manitoba, the Northwest Territories and the chain of the Rocky 
Mountains. In the Middle and Upper groups of Manitoba, which are highly fossiliferoua, 
a number of forms occur which cannot at present be distinguished from Euinpean species 
{Cladopom cervicomis, Rrodmtella prodiictoides, Stringoceplmlm B%rtin% Atrypa reticle 
laris, ^ &c.). 

• Australasia. — In New South Wales, the presence of Devonian rocks was deter- 
mined by W. B. Clarke from the evidence of fossils. The thickness of sti‘ata (sand- 
stones, quartzites, conglomerates, shales, and limestones) is in some places estimated at 
not less than 10,000 feet, passing down into Silunan and upwards into Carboniferous 
strata. Among the numerous fossils are many forms familiar in coiTesponding strata 
in Europe and North America, such as Oijathophylliim damiionicnse, Fawaites reticulata, 
F. fibrosa, F, Ooldfmsi, HeliolUes porosa, Ghoutes langucss-iana {ha^dr&usis), Orthis 
strmtxCLa, EJiyuchothella pleurodon, R pugnm, Atrypa reticularis, Spirifer Vcmcxiili,^ 
In Victoria, certain limestones found at Bindi, on the Tambo river, and elsewhere, have 
yielded characteristically Middle Devonian fossils, including Favosiies Golclfimi, 
Spiyifer Isemcostatus, Cflioiietes australis, and a plaoodenn fish. With these rocks are 
associated contemporaneous felsitio lavas and tuifs. Other strata are referred to the 
Upper Devonian series.’* 

Rocks, which may be of Devonian ago, play an important part in the structure of 
New Zealand. They are the oldest known rocks in the North Island, and are 
said to roach a thickness of from 7000 to 10,000 feet in the South Island, but as they 
are highly folded their dimensions may not be so great. They have yielded some 
brachiopods {Sph'ifi&r ve^crtilio), and are said also to contain Homaloiwtits expaiisus, 
and some plant remains. They are pierced by granite, near which in some places they 
are traversed by gold reefs. 


II. OLD RED SANDSTONE TYPE. 

§1, General Obaracters. 

Under the name of Old Rod Sandstone, is comprised a thick series of 
red sandstones, shales, and conglomerates, intermediate in age between the 
Ludlow rocks of the Upper Silurian series and the base of the Carboniferous 
system in Britain. These rocks were termed ‘‘ Old ” to distinguish them 
from a somewhat similar series overlying the Coal-measures, to which the 
name “New” Red Sandstone was applied. When the term Devonian 
was adopted it speedily supplanted that of Old Red Sandstone, inasmuch 
as it was founded on a type of marine strata of wide gc.ogi-aphiciil extent, 
whereas the latter teim desenbed what appeiired to be merely a British 
and local development. For the reasons already given, however, it is 
desirable to retain the title Old Red Sandstone as descriptive of a 
remarkable suite of deposits to which there is little or nothing analogous 
in typical Devonian rocks. The Old Red Sandstone of Europe is most 
characteristically developed in the British Isles. It was probably deposited 
in separate areas or basins, the sites of some of which can still be traced. 
The diversities of sediment and of organic contents of these basins point 

^ J. P. WMteaves, Address to Sec. E. Axner. Assoc. 1899. 

® See the authors cited ou pp. 979, 980. 

® R. A. P. Murray, ‘Victoria; Geology aud Physical Geography,’ 1887. 

^ Hector, ‘ Handbook of New Zealand,’ p. 36 ; P. W, Hutton, ZVana. Mxa Zealand 
Inst (1889), p. 163, 
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to the absence, or at least rare occurrence, of any direct communication 
between them. Nevertheless the presence of some of the same species of 
fishes in different basins, and also in marine Devonian strata at a distance, 
probably indicates that from time to time organisms did pass between 
these more enclosed waters and the open sea. It was maintained many 
years ago by Fleming and still more explicitly by Godwin-Austen, and 
was afterwards enforced by A. 0. Eamsay, that these basins were lakes 
or inland seas. The character of the strata, the absence of unequivocally 
marine fossils, the presence of land-plants, myriapods, and numerous ganoid 
fishes, which have their modern representatives in rivers and lakes, suggest 
and support this opinion, which has been generally adopted by geologists.^ 
The red arenaceous and marly strata which, with their fish-remains and 
land-plants, occupy a depth of many thousand feet between the top of the 
Silurian and the base of the Carboniferous systems, are regarded as the 
deposits of a series of lakes or inland seas formed by the u^jnse of portions 
of the Silurian sea-floor, and usually cut off from the open sea, which, how- 
ever, may have gained occasional access to them. The length of time during 
which these enclosed basins must have existed is shown, not only by the 
thickness of the deposits formed in them, but by the complete change 
which took place in the marine life between the Silurian and Carboniferous 
periods. The prolific fauna of the Wenlock and Ludlow rocks was driven 
away from western Europe by the geographical revolutions which, among 
other changes, produced the lake-basins of the Old Red Sandstone. When 
a marine population — crinoids, corals, and shells — once more overspread 
that area, it was a completely different one. So thorough a change must 
have demanded a long interval of time. 

Rocks. — ^As shown by the name of the type, red sandstone is the 
predominant rock. The colour varies from a light brick-red to a deep 
chocolate-brown, and occasionally passes into green, yellow, or mottled 
tints. The sandstones are for the most part granular siliceous rocks, 
wherein the component grains of clear quartz are coated and held to- 
gether by a crust of earthy ferric oxide. In no part of the geological 
record is the prevalence of this red material more marked than in the 
Old Red Sandstone. The conditions that led to the precipitation of this 
oxide in such quantity are not yet well understood.^ Scattered pebbles of 
quartz or of various crystalline rocks are frequently noticeable among the 
sandstones, and this chaa*aoter affords a passage into conglomerate. The 
latter rock forms a conspicuous feature in many Old Red Sandstone dis- 
tricts. It varies in thickness from a mere thin layer up to successive 
massive beds, having a united thickness of several thousand feet The 
pebbles vary much in composition, consisting of quartz, quartzite, 
greywaoke, granite, syenite, quartz-porphyry, gneiss, felsite, or other 
durable material, and their varying nature serves to distinguish some 
bands of conglomerate from others. They are of all sizes up to blocks 

^ For a history of opinion on this subject see A. G., Traits. Boy, Soc, Edin. xxviii. p. 846. 

® See jpostea, p. 1006. Mr. I. 0. Russell concludes that in the majority of cases the ferric 
oxide was deposited during the subaerial decay of the rocks from which the sediment was 
derived. B. XT, S, G, S. No. 62 (1889). 
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eight feet or more in length. They are sometimes tolerably angular, 
particularly where the conglomerate rests upon schists or other rocks which 
weather into angular blocks. In the upper Old Red Sandstone, thick 
accumulations of subangular conglomerate or breccia recall some glacial de- 
posits of modern times (p. 1011). The stones in the conglomerates are 
generally well rounded, sometimes indeed remarkably so, even when they 
are a foot or more in diameter. The larger blocks are usually more angular 
fragments that have been derived from rocks in the immediate neighbour- 
hood. The smaller rounded stones have often come from some distance ; 
at least it is impossible to discover any near source for them. Bands of 
red and green clay or marl occur, in which seams and nodules of corn- 
stone may not infrequently be observed. Here and there, too, the sand- 
stones assume a flaggy character, and sometimes pass into fine grey or 
olive-coloured shales and flagstones. Organic remains occur in some of 
these grey beds, but are usually absent from the red stx'ata, though in 
some of the conglomerates teeth, scales, and broken bones of fishes are 
not uncommon. In the north of Scotland, peculiar very hard calcareous 
and bituminous flagstones are largely developed, and have yielded the 
chief part of the remarkable ichthyic fauna of the system. In Scotland, 
also, contemporaneously erupted andesites, diabases, agglomerates, and tuffs 
play an important part in the petrography of the Old Red Sandstone, 
seeing that they attain a thickness in some places of more than 6000 
feet, and form important ranges of hills. They point to the existence of 
extensive volcanic eruptions from numerous vents in the inland basins in 
which the sediments were accumulated. 

Life. — No greater contrast is to be found between the organic con- 
tents of any two successive groups of rock than that which is presented 
by a comparison of the Tipper Silurian and Old Red Sandstone systems 
of Western Europe. The abundant marine fauna of the Ludlow period 
disappeared from the region. As soon as the red rocks begin, the fossils 
diminish in number and soon die out. But the geographical changes 
probably took place slowly. The peculiar conditions under which the 
red sediments were laid down began to show themselves while the 
Upper Silurian fauna still flourished in the waters, so that some of the 
uppeimost fossiliferous Silurian strata (Downtonian and Tile-stones) are 
quite red. 

Some traces of the aquatic plants that grew in the fresh-water lakes 
have been detected. An. abundant fossil, originally referred to the 
vegetable kingdom and named Parka by Fleming, was afterwards con- 
sidered to be more probably the egg-packets of the large crustaceans 
which abounded in these waters. More recently, however, this organism 
has been carefully studied by Sir J. W. Dawson and Professor D. P. 
Penhallow, who came to the conclusion that it represents what were 
aquatic plants with creeping stems, linear leaves, and sessile sporocarps 
bearing two kinds of sporangia.^ On the land that surrounded the lakes 
or inland seas of the period, there grew the oldest terrestrial vegetation 
of which more than mere fragments are known. It has been scantily 
^ Roy, Canada^ ix. (1891), sect, iv. pp. 8-16. 
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preserved in the ancient lake-bottoms in Europe ; more abundantly in 
Gaspe and New Branswick. The American localities yielded to the long- 
continued researches of Sir J. "W. Dawson more than 100 species of 
land-plants. They are almost all vascular cryptogams, lycopods and ferns 
being largely predominant. Among the equisitacese are AsterocalamUes, 
CalamocMus, Annularia, and Pinnularia, The lycopods include Lycopodites, 
Leptophlemn, Lep>idodendmi, FsUopliyton (Fig. 386, especially characteristic), 
Arthrostigma, and Bothrodeiidroii (Oydostigma). The ferns belong to the 
genera Archseopteris {Pal£eq>teris\ Neuroptem^ Splienopteris, Aneimites, 



Fig. 38d.— Pailophyton robustum, Dawson. Lower Old Red Sandstone, Pertlishlre, 

Drawn by Mr. R. Kidston. 

a, specimen of the plant J nat. sise ; h, ft’uctillcation ; c, empty spore-cases. 

Alethoptms, Megalopteiis} Higher forms of vegetation are represented by 
the Oordaitales, which include OardaiteSy Armcarioxylon (Dadoxylo^i),^ &c., 
and are now regarded as synthetic types, since they possess the characters 
of both the Ooniferse and Cycadofilicales. So abundant are the vegetable 
remains in certain districts of the Old Bed Sandstone that in some layers 
they actually form thin seams of coal. • 

The interest of this flora is heightened by the discovery of the fact 

1 See note 8, p. 1013, on the plant-heds of St. John, New Brunswick, from which so 
rich a flora, supposed at first to be Devonian, was obtained. 

® Mein, GeoL Survey Oanaday 1871 ; op, cit, 1878 ; Q, /. G. S, 1881, p. 299 ; 
‘ Acadian Geology,’ 2ud edition. 
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that the primeval forests were not without the hum of insect life. 
Ancient relics of insect forms, which have been recovered from the 
Devonian strata of New Brunswick,^ include both orthopterous and 
neuropterous wings, and have been regarded hy Mr. Scudder of Boston 
a& combining a remarkable union of characters now found in distinct 
orders of insects. In one fragment- he observed a structure which he 
could only compare to the stridulating organ of some male Ortlwptera. 
Another wing indicates the existence of a gigantic EpJmnefu, with a 
spread of wing extending to five inches. The Lower Helderberg rocks 
of New York, which by some geologists are placed in the Devonian 
system (p. 977), have furnished two genera of scorpions (FalmpJwnus and 
Proscorpitcs). 

The existence of myriapods in the forests of this ancient period has 
been shown by Mr. B. N. Peach, who finds that the so-called Kcmipecaris, 
previously regarded as a larval form of isopod crustacean, really contains 
two genera {Kampecaris, Archidesmus) of chilognathous myriapods differing 
from other known forms, fossil and recent, in their less differentiated 
structure, each body segment being separate, and supplied with only one 
pair of walking legs.^ There were also pulmoniferous shells, of which 
one species (Strophites gmiidseva, Dawson) occurs in the plant-beds of St. 
John, New Brunswick.^ 

The water-basins of the Old Red Sandstone might be supposed to 
have been, on the , whole, singularly devoid of aquatic life, inasmuch as 
so large a proportion of the red sandy and marly strata is unfossiliferous. 
In some of the basins where the sediments are not red and sandy, it is 
evident that life was extremely abundant, as is shown, for example 
by the vast quantities of fossil fishes entombed in the grey bituminous 
flagstones of Caithness and Orkney. It may be observed also that 
where grey shales occur intercalated among the red sandstones and 
conglomerates they are often full of plant-remains, and may contain also 
ichthyolites and other fossils which are usually absent from the coarser red 
sediments. There would appear to have been occasions of sudden and 
widespread destruction of fish-life in the waters of the Old Red Sandstone, 
for platforms occur in which the remains are thickly crowded together, 
yet so entire that they could not have been transported from a distance, 
and must have been covered over with silt before they had time to decay 
and undergo much separation of their plates and scales (p. 828). 

An interesting confirmation of the view that these basins were isolated 
is supplied by the occurrence of what is believed to be the oldest lacustrine 
or fluviatile mollusk yet known, Amnigenia {Anodmta^ Archwmdon) Jutlcesiu 
This shell has been found in the Upper Old Red Sandstone of Ireland and 
England associated with land-plants {Archfeoptms, Sphenopteris, Sotliroden- 

^ For a synopsis of all known species of fossil insects up to the year 1890, see B, ?7.*S. O. S 
No. 71, 1891. 

® Proe, Roy, Phya, Soc, Edirt, viL (1882), p. 179. 

3 See the note on p. 1018 regarding the age of these plant-heds. If found in the Carboni- 
ferous portion, the shell mentioned in the text must be removed from the list of Devonian 
or Old Bed Sandstone fossils. 
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(Iron, JJlodeiidron, Stigmarki, Calamites), fishes (Coccosteus) and arthropods 
{Euryj^terus)} A closely allied species {A, catsUUensis) has been met 
TTith in the Catskill formation of the United States, likewise accompanied 




Fig. 8S7.— Lower Old Bed Sandstone Fishes. 

«, Ceplialaspis Lyelli, Ag. (side view) restored by Professor Ray Lankester ; h, Osteolepis microlepi- 
dotus, Sedgw. and Murch., restored by Dr. Traquair; o, Dipterus Valeiiciennesli, Sedgw. and 
March., firom a sketch by Dr. Traquair ; d, Coccosteus deciplens, Ag. ; e, Mesacaiithus (Acan- 
thodes) Mitchelli, Bg., Forfarshire, fh}m a sketch by Mr. B. N. Peach. 


by land-plants and fishes (Eolonema), while another species has been 
found in Eussia. The shells resemble the modern Unio. 

The fauna of the Old Eed Sandstone consists pre-eminently of ostra- 

^ E. B. Newton, Geol, Mag, 1899, p. 245 ; J. M. Clarke, Mil, New York Staie Mm., 
No. 49 (1901), p. 199. 
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coderms and fishes (Figs. 387, 388). Among these the Ftera^ ^^vived 
for a while from Upper Silurian times. AYith it there lived othCTs£dms'j- * 
(Holas^) and genera of the allied family of the Cephalaspidse. 
genus Cephalas^, upwards of ten species are known, the largest of 
which (G. imgnijica)^ from the Caithness flags, measures 12 inches in 
breadth. The ancient Dipnoi, which still survive in a few forms in some 
African and Australian rivers {Protojpterus^ Cmttodus), -were represented in 
the lakes of the Lower Old Red Sandstone by the abundant DijptemSj and 
in those of the Upper by Phaneropleurm. The 
Elasmobranchs were represented by the acan- 
thodians, distinguished by their strong spines, 

(Mesacanthus [AmntJwdes], Diplacantkus, Cheira- 
eanthus). Some of the most bizarre foims 
were such ostracoderms as the PtemUliys (Fig. 

388), Asterolejpis^ and Bothriolepis. The order 
Crossopterygidee, so remarkable for the central 
scaly lobe of their fins, and represented at the 
present time by Polyptei'us^ swarmed in the 
waters, some of the most characteristic genera 
being TmticJwpte^'us, GyropticMuSj Glyptolepis, Osfeo- 
lepis, Thursiiis, and Diplopteriis, which are found 
in the Caithness Flagstones of Scotland, and 
Glyptoponvus and Holopiychius, which are character- 
istic of the Upper division of the system. The 
order Arthrodira, which comprises the family of 
the coccosteids, includes the type gennsCoccosteiiSj 
PhlycUenaspis, and the gigantic Hortiostem {AsterO’ 
lepis of Hugh Miller, but not of Eichwald). This ^ 
latter form appears to have been the largest fish tertudTn^ut'A^orautas! As.). 
of the period in the European area, its massive 

cuirass-like head -shield sometimes measuring twenty inches in length 
by sixteen in breadth. Ganoids were represented by some small 
sturgeon-like fishes (CJieirolepis) in the fauna of the earlier portion of 
the period in Scotland (Lake Orcadie), while in the Upper Old Red 
Sandstone there were selachians of the genera Psammstms and 
Gosmacanthm?- The Dinkhthys already referred to (p. 988) as occurring 
in the Devonian rocks of North America was probably one of the largest 
and most formidable of these early fishes. Its head alone, encased in 
strong plates, attained a length of three feet, and was armed with a 
powerful apparatus of teeth. 

A few eurypterids are met with in the Old Red Sandstone, especially 
of the genera Ewrypterus and Pferygotus (Fig. 384). The species of the 
former are small, but one of the latter, P. anglicus, is found in Scotland, 
which must have had a length of five or six feet. Other genera are 
Eiirypterelkt, Slimonia, and Stylonurus, Phyllopods allied to the modem 



^ Traquair, Geol. Mag. 1888, p. 607, and “ The extinct vertehrata of the Moray Kith area” 
in Harvey Brown and Buckley’s ^Vertebrate Fauna of the Moray Basin,’ 1896. M. Lohest, 
Ann. Soc. O(ol. Belg. xv. (1888), p. 112. Whiteaves, Camid. Nat. x. Hos. 1, 2 (1881). 
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} 3 rackisli“Water Esthena abound in the Caithness flagstones, in north-west 
Eussia and in the Catskill group (New York). Ostracods {Aparchites, 
Isochilina, Beynchm, or Drepanellaf) occur in Scotland. Phyllocarid 
genera are found, especially in the upper part of the system, in the United 
States {Echinocaris, Pepliricaris^ EleutJieivcam, Elynwmis, Tropidocaris), , 


§ 2. Local Development. 


Britain. — Murcliison, who strongly advocated the opinion that the Old Red Sand- 
stone and Devonian rooks represent different geographical conditions of the same period, 
and who had with satisfaction seen the adoption of the Devonian classification hy 
Continental geologists, endeavoured to trace in the Old Red Sandstone of Britain a 
threefold division, like that which had been accepted for the Devonian system. He 
accordingly arranged the formations as in the subjoined table : — 


a / Yellow and red sandstones and conglomerates {Buthrioh'ph [formerly 
\ Pt&fkMhy8\ nmjor, Holoptydkius nobHissimiiSi &c.) = Dura Den beds. 
P 

^ ( Grey and blue calcareous and bituminous flagstones, limestones, and 
•] red sandstones and conglomerates {Diptmts^ Osteolepis, Homosteun, 
&c.)== Caithness flags. 

I f Red and pnride sandstones, grey sandy flagstones, and coarse con- 
J \ glomeraU'" {VoitiMiiitpiif, Pteraspis^ = Arbroath ttag.s. 


It is important to observe that in no district can thes^p three subdivisions be found 
together, and that the so-called “middle” formation occm*s only in one region — the 
north of Scotland. The classification, therefore, does not rest upon any actually ascer- 
tained stratigraphical sequence, but ou an inference from the organic remains. The 
value of this inference will be estimated a little farther on. All that can be affirmed 
from the observed stratigraphy is that a great physical and palaeontological break can 
everywhere be tiuced in the Old Red Sandstone of Scotland, dividing it into two 
completely distinct series.^ A similar hiatus will not improbably be discovered in the 
Old Red Sandstone of South Wales. 

As above remarked, the Old Red Sandstone, where its strata are really red, is, like 
other masses of red deposits, singularly barren of organic remains. The physical con- 
ditions under which the precipitation of iron -oxide took place are not easily explained, 
but were evidently unfavourable for the development, or at least for the fossilisation, 
of animal life in the same waters. Ramsay connected the occun’ence of such rod 
formations mth thd existence of salt lakes, from the hitter waters of which not only iron- 
oxide but often rock-salt, magnesian limestone, and gypsum were thrown down.^ Ho 
pointed also to the presence of land-plants, footprints of amphibia (in Permian and later 
formations) and other indications of terrestrial surfaces while truly marine oxganisms arc 
either found in a stunted condition or are absent altogether. "We have seen that whore 
the strata of the Old Red Sandstone, losing their red colour and ferruginous character, 
assume grey or yellow tints and pass into a calcareous or argillaceous condition, they 
not infrequently become fossiliferous. At the same time, it is worthy of remark that 
red conglomerates, which might he supposed little likely to contain organic remains, 
ore occasionally found to be fall of detached scales, plates, and hones of fishes. 


1 A. G., q. L (?. S, voL xviii. (1860), p. 812. 

® Professor Gosselet contends that the precipitation of iron might quite well have taken 
place in the sea, and he cites the case of the Devonian basin of Dinant, where the same 
beds are in one part red and barren of organic remains, and in another part of the same 
area are of the usual colours, and are full of marine fossils. But the red colour of the Old 
Red Sandstone is general, and is accompanied with other proofs of isolation in basins (p. 1000). 
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The Old Red Sandstone of Britain, according to the author’s researches, consists of 
two subdivisions, the lower of which passes down confoimably into the Upper Silurian 
deposits, the upper shading off in the same manner into the base of the Carboniferous 
system, while they are separated from each other by an unconformability. 

1. Lower. — Red sandstones, conglomerates, flagstones, and associated igneous 
rocks, passing in some places conformably down into Upper Silurian formations, 
elsewhere resting unconfoiniably on Dalradian or other older rooks— Pac^j/^Aeca, Barlca, 
Kmi'pccariSi Eivryptcrus, Pter^jgotus, QephalaspiB, Mcscumithus, Ischnacanthus {Diplon 
Climatius, Thclodus, &c. 

In a memoir on the Old Red Sandstone of Western Europe, the author proposed 
short names for the different detached basins in which the Lower Old Red Sandstone 
w^as accumulated.^ The most southerly of these (the Welsh Lake) lies in the Silurian 
region extending from Shropshire into South Wales* Here the uppermost parts 
of the Silurian system graduate into red strata, not loss than 10,000 feet thick, which 
in turn pass up conformably into the base of the Carboniferous system. This vast 
accumulation of red rocks consists in its lower portions of red and green shales and 
flagstones, wdth some white sandstones and thin cornstones ; in the central and chief 
division, of red and green spotted sandy marls and clays, with red sandstones and 
cornstones ; in the higher parts, of grey, red, chocolate-coloiued, and yellow sand- 
stones, Avith bands of conglomerate. No unconfonnability has yet been proved in any 
part of this series of rocks, though, from the observations of De la Beche and Jukes, it 
may bo suspected that the higher strata, which graduate upwards into the Carboniferous 
formations, are separated from the underlying portions of the Old Red Sandstone by a 
distinct discordance.*'* 

Although, as a whole, barren of organic remains, these red rocks have here and 
there, more particularly in the calcareous zones, yielded fragments of fishes and 
crustaceans. In tlujir lower and central portions remains of Cephtduspis, Didyimspis^ 
I^raspis, and CuatJiaspis have been found, together with euiypterids of the genera 
StyloimniSf the crustacean Brearcturus, and obscure traces of plants. The 

upper yellow and red sandstones contain none of the cephalaspid fishes, which are 
there replaced by JBothriohpis and IloloptycJmis, together with Amnigenia (Anodmta) 
and distinct impressions of land-plants. In some of the higher parts of the Old Red 
Sandstone of South Wales and Shropshire, iierpula and Co7iularia occur, but these are 
exceptional cases, and point to the advent of the Carboniferous marine fauna, which 
doubtless existed outside the British area before it spread over the site of the Old Red 
Sandstone basins. 

It is in Scotland** that the Old Red Sandstone shows the most complete and 
varied development, alike in physical structure and in organic contents. Throughout 
that country tlie system is found to be distributed in distinct basins of deposit, in each 
of wliich, whore fully developed, it consists of two woll-raarked groups of strata, 

^ A. (1., Tmits* Boy. JHUin. voL xxviii. (1879). 

De la Beche, Mm. Ged. vol. i. (1846), p. CO. J. B. Jukes, ‘Letters, &c.’ (1871), 
p, COS ; letter to A. 0. lUmsay, dated 1867. Symonds, ‘Records of the Rocks* (1872). 
Hughes, JirU. Amoc. Hep. (1875), sects, p. 70. The Geological Survey is now engaged in 
revising tlie majm of South Wales and may succeed in determining the detailed stratigraphy 
of the Old Rod Sandstone in tliat region which, in its western part, is somewhat complicated. 

' Up to the present time, however, no definite break in the stratigraphical sequence of the 
formation has Iwon <loteotod. Sxmimry of for 1901. 

® Bee Agassiz, ‘ Poissons du Vioux Gres Rouge,* Hugh Miller’s * Old Rod Sandstone,’ 
and ‘Footprints of the Creator.' J. Anderson’s ‘Dura Den.’ Huxley, Decade x. of Mem. 
Oeol. 1861. MqilmKUions Ged. S^iv/rv. likotlmdy sheets 14, 16, 23, 24, 32, 83, 34 ; 
Geol. Surv, Mmoirn on “Central Fife,” 1900, and “East Fife,” 1902 ; author’s memoirs cited 
on this and the previous page, and ‘ Ancient Tolcanoes of Great Britain,’ Book V. 
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separated from each other by a strong unconforaiability and a complete break in the 
succession of organic remains. There is sufficient diversity of lithological and imlceonto- 
logical characters to indicate that these sevei*al areas were on the whole distinct basins, 
separated both from each other and from the sea. The interval between the Lower and 
Upper Old Red Sandstone was so protracted, and the geographical changes accomplished 
during it were so extensive, that the basins in which the late paits of the system w^re 
deposited only partially corresponded with those of the older lakes. 

Of the basins in which the Lower division of the system was deposited the most 
important (Lake Caledonia) occupies the central valley, between the base of the High- 
land mountains and the Uplands of the southern counties. On the north-east, it 
presents a series of noble cliff-sections along the coast-line from Stonehaven to the 
month of the Tay. On the south-west it ranges by the island of AiTan and the south 
of Oautyre across St. George’s Channel into Ireland, where it runs almost to the western 
seaboai’d, flanked on the north, as in Scotland, by hills of crystalline rocks, iind on the 
south chiefly by a Silurian belt. Both divisions of the Old Red Sandstone are Iku'o 
typically seen. The lower series of deposits attains a maximum depth of perhaps 
20,000 feet, and eveiywhere presents traces of shallow-water conditions. The 
accumulation of so great a thickness of sediment can only be explained on the supposition 
that the subterranean movements, which at first ridged up the Silurian sea-lloor into 
land, enclosing separate basins, continued to deei>en these basins, until ovontually, 
enormous masses of sediment had slowly gathered in them. This massive series of 
deposits passes down confoi;mably in Lanarkshire into Upper Silurian rocks ; elsewhere 
its base is concealed by later formations, or by the unconformability with which different 
horizons rest upon the older rocks. Covered unconformably by every rock younger than 
itself, it consists of reddish-brown or chocolate-coloured, grey, and yellow sandstones, red 
shales, grey flagstones, coarse conglomerates, with occasional bands of limestone and 
comstone. The grey flagstones and thin grey and olive shales and “calmstones” arc 
almost confined to Forfarshire, in the north-east part of the basin, and are known ns the 
Arbroath flags.” One of the most marked lithological features in this central Scottish 
basin is the occuireace in it of extensive masses of intorbedded volcanic rocks. These, 
consisting of andesites, dacites, diabases, agglomerates, and tuffs, attain a thickness of 
more than 6000 feet, and form impoxtant chains of hills, as in the Pentland, Ochil, and 
Sidlaw ranges. They lie several thousand feet above the base of the system, and are 
regularly interstratified with bands of the ordinary sedimentary strata. They point to 
the outburst of numerous volcanic vents along the lake or inland sea in which the Lower 
Old Red Sandstone of Central Scotland was laid down ; and their disposition shows that 
these vents ranged themselves in lines or linear groups, parallel with the general trend of 
the great central valley. The fact that the igneous rocks are succeeded by tliousands of 
feet of sandstones, shales, and conglomerates, without any intercalation of lava or tuff, 
proves that the volcanic episode in the history of the lake camo to a close long before 
the lake itself disappeared. ^ As a rule, the deposits of this basin are singularly unfos- 
siliferous, though some portions of them, particularly in the Forfarshire (Arbroath) flag- 
stone group, have proved rich in remains of crustaceans and fishes. Nine or more spocies 
of crustaceans have been obtained, chiefly eurypterids, but including one or two 
phyllopods. The large pterygotus (P. anigUcus) is especially characteristic, and anust 
have attained a great size, for some of the individuals indicate a length of 6 feet, with a 
breadth of 1§ feet. There occur also a smaller species (P. minor\ two EuryptcH and 
three species of Stylmmrus,. Upwards of twenty species of fishes have been obtained, 
chiefly from the Arbroath flags, belonging to the groups Aoanthodii and Ostracodeami 
(Fig. 887). One of the most abundant forms is the little MeaaccmtJvus {Acanthodea) 
MUehdli, Another common fish is lachaiacmvthus {Diplacamihus) gradMa, There occur 

^ A. G., Presidential Address, Q, J» Gm S, 1892, p. 62 aeg'. This volcanic history is more 
fully discussed in ‘Ancient Volcanoes of Great Britain,’ Book v. 



SECT. iii. ii. § 2 


OLD RED SANDSTONE 


1009 


also Clnmtiiis scufKjcr, C. retimlcvtus, 0. 'iinciimtm, O, Maonicoli^ 6'. gvmuliSf (7. gracilis, 
Rarc,nts %ncuri’us, Ccphalaspis Lyellii, Ptcraspis Mitclulli, and the cuiious sliark-like 
genus Thclodiis, which survived from Upper Silurian time. Some of the sandstones and 
shales are crowded with indistinctly preaeiwed vegetation [Pachytlicca, &c.), occasional!}’ 
in sufficient quantity to form thin laminm of coal. The egg-liko impressions known as 
Parha dec'ipictis and referred to on p. 1001, also abound in some layers. In Forfax^hu'c, 
the surfaces of tlio shaly flagstones are now and then covered with linear grass-like 
plants, like the sedgy vegetation of a lake or marsh. In Perthshire, certain layers 
occur, chiolly made up of comi»ressed stems of Psilophyton (Fig. 886). The adjoining land 
was doubtlesH clothed with a flora in large measui'o lycopodiaceous. 

On the northern side of the Highlands lies another still larger basin (Lake Orcadie), 
but only a portion of it emerges above the sea. Skirting the slopes of the mountains 
along the Aloray Firth and the east of Ross and Sutherland, it stretches through 
Caithness and the Orkney Islands to the southern part of the Shetland Group. It 
may possibly have been at one time continued as far as the SogneQord and Dalsfjord 
in Norway, where red conglomemtes like those of the north of Scotland occur. It 
may even have ranged eastwards into Russia, or at least have had a water-channel 
connecting it with that region, for, as already stated, some of its most character- 
istic fishes are found also among the Russian Devonian formations. Its strata are 
typically developed in Caithness, whore they consist chiefly of the well-known dork- 
grey bituminous and calcareous flagstones of commerce. These lie unconformably upon 
various crystalline schists, granites, &c., and must have been deposited on the uneven 
bottom of a sinking liasiu, seeing that occasionally even some of the higher platforms are 
found resting agaiinst the more ancient rocks. The lower zones consist of red sandstones 
and conglomerates, which graduate upward into the flagstones. Other red sandstones, 
however, supervene in the higher parts of the system. The total depth of the aeries in 
Caithness has boon estimated at u])wards of 16,000 feet. Murchison was the first to 
attempt the corredation of the Caithness flagstones with the Old Red Sandstone of the 
rest of Britain. Founding upon tho absence from these northern rooks of the cephalaspi- 
dean iisbos characi.eri8tic of the admitted Lo'wer Old Red Sandstone in the south of 
Scotland and in AValcs and Shropshire, upon the presence of numerous genera of fishes 
not know'll to occur elsewhere in tho true Lower Old Red Sandstone, and upon the 
discovery of a Ptcrygotm in tlio haaoment red sandy gi’oup of strata, he concluded that 
the massive ilagstoiiu senes of Caithness could not he classed with the Lower Old Red 
Sandstone, but must bo of younger date. He supposed tho rod sandstones, con- 
glomerates, ami slialcs at tho base, with thoir Pterngotus, to represent the true Lower 
Old Hod Sandstone, while tho gi’oat flagstone series with its distinctive fishes was made 
into a middle division, answering in some of its ichthyolitio contents to the Middle 
Devonian rocks of the Continent. It must bo admitted that the fauna of Lake Orcadie 
is unlike that of Lake Caledonia, while tho identity of some of the northern genera with 
those else wl lore found in middle or even upper Devonian horizons is so far in favour of 
Mundiisou’s view. On the other liand, considered from the tectonic side it is difficult to 
believe that the similar Old Red ac-cumnlations on the two sides of the Grampians, now 
only a few miles apart, can belong to widely different periods. Long continued isolation 
in st‘parato basins would lead to great changes in tho faunas of those areas, and the 
conditions for biological development, if we may judge from the abundance of the fish 
remains, w'ero more favourable in the northeni than in the southern waters. A few of 
tho genera specially distinctive of the Lower Old Red Sandstone do occur in the Moray 
Firth tirtui {Ptcrygotm, Ccphalaspis, McsacaiUkiis, and perhaps Parc^Aid), Moreover, the 
Lake Orcadie flagstones and iish-beds are overlain unconformably by the undoubted 
U])por Old Red Sandstone, with its characteristic fishes, so that they occupy a strati- 
gi’aphical position idinitical with that of the unquestioned Lower Old Red Sandstone 
on the south side of the Highlands. More than sixty species of fishes have been obtained 
from tho Old Rod Sandstone of the north of Scotland. Among these, the genera 
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Chciracanthus, Citcirolcpis, Coccosteiis, Biplcimnthus, Diplopterus, Dipteinis, Glyptolcpis, 
GyroptycliiuSi HomacanthiiSi HoiiiiostcutS^ Mesamivthus, OsteolepiSj Palfsospotidylus, 
Ftcrichthys (several species), BJuidiiiacanthiis and Thursius are specially characteristic. 
Some of the shales are crowded with the little phyllopod crustacean Esther ia mmnbran- 
(wjca, and the largest species of GcphaZaspis {C. mugnifaa) comes from this basin. Land- 
plants abound, especially in the liigher grouiis of the flagstones, where forms of 
Psilophyicnit LepidodendroiXy StighTUiriai Sigillaria (?), Odlamitcs and CyclopteriSf as well 
as other genera, occur. In the Shetland Islands, traces of abundant contemporaneous 
volcanic rocks have been observed.^ These, with the exception of two trifling examides 
in the region of the Moray Firth, are the only know instances of volcanic action in the 
Lower Old Red Sandstone of Lake Orcadie. 

A third basin in which the Lower Old Red Sandstone was deposited extends through 
the district of Lome in the west of Argyllshire. The rocks in that area consist in 
large measure of andesitic and trachytic lavas and tuffs, but with some underlying and 
intercalated shales, sandstones, and conglomerates. From these strata an interesting 
series of organic remains has been obtained near Oban, including a new species of 
Cephalaspis {0. lormnsis)^ Mesacanthus, Thelodm (?) ; several genera of ostracods 
{Aparchites, IsocMlim^ and Beyrichia or brcpanclla ?), Ptcrygotm (like P. Anglicus ) ; tw^o 
species of chilognathous myriapods {Kctnip&:aris and Archidcs^mis) and plant-i'emains, 
some of which are allied to Psilophyton,^ The researches of the Geological Survey, 
which have brought these organisms to light, have also determined that the younger 
granites of fhig region have invaded and altered various members of the Lower Old 
Red Sandstone, and thus that some portions of the great intrusive bosses of the High- 
lands are not older, but may be younger, than the Lower Old Red Sandstone.** 

Another basin of accumulation of the Lower Old Red Sandstone lies in the east of 
Berwickshire, and includes the Cheviot Hills. Its materials are again largely of volcanic 
origin (andesitic lavas and tuffs, &c.), but they include strata containing remains of plants 
and Pt&rygotus. It is interesting to notice that in this tract also the volcanic rocks 
have been invaded by a granitic boss. Hot improbably here and in the Highlands 
these intrusive masses were connected with the closing phases of the volcanic period, 
like the great ^ones of granophyre and granite among the Tertiary basalts of the inner 
Hebrides.^ 

2. Upper. — ^This division consists of red sandstones, deep -red clays or marls, 
conglomerates, and breccias, the sandstones passing into yellow or even white. These 
strata, wherever their stratigraphical relations can be distinctly traced, lie unconformably 
upon every formation older than themselves, including the Lower Old Red Sandstone, 
while, on the other hand, they pass up conformably into the Caxhoniferous rocks above, 
As already remarked, they were deposited in basins, which only partially corresponded 
with those wherein the Lower Old Red Sandstone had been laid down. Studied from 
the side of the underlying formations, they seem naturally to form part ofl the Old Red 
Sandstone, since they agree with it in general lithological character, and also in con- 
taining some distinctively Old Red Sandstone genera of fishes, such as Bothriolepis, 
Coccosteus, and Eoloptycliius ; though, approached from the uppei‘ or Carboniferous 

1 A. G., Trans, Roy, 8oc, Edin, xxviii. (1878), p. 345 ; Presidential Address, Q, J, Q, 
xhiil (1892), p. 94; ‘Ancient Volcanoes of Great Britain,’ chap. xxL (1898), pp. 383, 
865. Peach and Home, Proc, Roy. Phya, Soc, Edin, v. (1880) ; Trans, Roy, Soc, Edin. 
xxxii. (1884), p. 369. J. S. Flett, op, cU. xxxix. 

^ ‘Ancient Volcanoes of Great Britain,’ i. p. 341 ; Summary of Progress of Qeol, Siirv, 
for the years 1897-1901 ; H. Kynaston, Tra7is. Edin, Oeol, Soc, viii. (1900), p. 87. 

® See especially the work of Mr. Kynaston in Smnmary of Progress for 1901 and 
previous years. 

* C. T. Clough, “Cheviot Hills,” Oeol. Suxu. Mm, Sheet 108 N.E. (1888). J. J. H. Teall, 
Oeol, Mag, 1883. ‘Ancient Volcanoes of Great Britain,’ i. p. 336. 
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direction, tliey might rather be assumed as the natural sandy base of that system into 
which they insensibly graduate. On the whole, they are remarkably barren of organic 
remains, though in some localities (Dura Den in Fife, Lauderdale) they have yielded 
a number of genera and species of fishes, crowded profusely through the sandstone, as 
if the individuals had been suddenly killed and rapidly covered over with sediment. 
Among the distinctive fossils of the Upper Old Red Sandstone are species of 
Asterolcpis, Bothviohyts (formerly confused with PtericMIiys)^ Coccostc'iis^ Ooucliodus^ 
Oosnu(C(tnthu8j Ghfptopomiis^ O uroptychins^ Holoptychiiis (four or more species), Fliancro- 
•phnron, PhyJloJtpiSj Pulyplocodua and Psanimostcus, 



Fig. Hcctioii Hhowing the nilatloii of the two cUvlslonH of the Old Red Sandstone in Hoy, 

Orkney Islands. 

1, CiiiihncKH lUigHtoiuis; ‘J, zone of lavas and tuft's lying on red sandstones and conglomerates; 

3, two volcanic iu*ckH marking the sites of eruptive^ vents ; 4, Upper Old Red Sandstone, with a 

volcanh’ zone near its base. 

This subdivision is well developed in Central Scotland (Ifife, Lothians, Berwickshire, 
Ayrshire), where it forms the conformable base of the Carboniferous system and lies 
transgre.s.sivt‘ly on older formations. In the north of Scotland, along the lowlands 
bordering tb<‘. ^bjray Firth, yellow and red sandstones, containing characteristic Upper 
Cld Red Siiiidstono fishes, are well developed. In the island of Hoy (Crkney) they 
can he scon to lie uncoil fonuably on the Caithness flags and to include some intercalated 
diabase and tuff, which mark the only known volcanio episode in the Upper Cld Red 
Sandstone of Knglaud or Scotland (Fig. 389). In these northern tracts, the same 
relation as in the central counties is thus traceable between the two divisions of the 
system. ^ 

In the north of England sandstones and conglomerates representing the ordinary 
typo of the Upper Cld Red Sandstone emerge from underneath the Carboniferous 
formatioiiH, and lie nnconfonnably on Siluiian rocks and Lower Cld Red Sandstone. 
Some of the breccialod conglomemtes have much resemblance to glacial detritus, and it 
was suggested by Hanisay that they have been connected with contempoittneous ice- 
action.**^ Such an*, tlie breccias of the Lammermuir Hills, and those which show 
thomsclves hero and there from under the overlying mass of Carboniferous strata tliat 

^ A. (I., Trana, Roy. Mhu xxviii. (1878), p. 405 ; ‘Ancient Volcanoes of Great 
Britain,' i. p. 360. 

Tilt* o.xampleH of siipposed glacial strisc on the pebbles in these breccias may be merely 
frictional markings connected with faults or internal movements of the rocks. But the 
forms of tluj pebbles, their moralue-liko unstratified or rudely-stratified accumulation, and 
the occurrence of aggregatesd lumps of breccia in the midst of fine sandstone strongly remind 
one of the familiar features of true glacial deposits. Compare H. Reusch, on similar evidence 
from the Falieozoic. rocks of Norway, Eoryes Oeol, VndmUg. Aarfto//. 1891, and A. Stralian 
<*). J. <jf. K liii. (1897), p. 137. 
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flank the Siluriaii hills of Cumberland and Westmoreland. Red conglomerates and 
sandstones appear interruptedly at the base of the Carboniferous rocks, even as far as 
Flintshire and Anglesey. They are commonly classed as Old Red Sandstone, but 
merely from their position and lithological chai'acter, no organic remains having been 
found in them. They may therefore, in part at least, belong to the Carbonilerous 
system, having been deposited on different successive horizons during the gradifal 
depression of the land. In South Wales and tho border counties of England, as 
already stated, the Carboniferous series xjassos down conformably into the Ui)per Old 
Red Sandstone, which cannot at present be separated from older parts of the system. 
In Devonshire, at Barnstaide, Pilton, Marwood, and Baggy Point, certain sandstones, 
shales* and limestones (already refen'ed to in the account of the Devonian rocks) 
graduate upward into the base of the Carboniferous system, and appear to i*c present 
the Upper Old Red Sandstone of the rest of Britain. They contain land-plants and 
also many marine fossils, some of which are common Carboniferous forms. 

The Old Rod Sandstone attains a great development in the south and south-west of 
Ireland. The tliick “Dingle-Beds*’ and “Glengarill* giits” pass down into Up]Mu* 
Silurian strata, and no doubt represent the Lower Old Rod Sandstone of Scotland. 
They are succeeded iu Kerry by red sandstones which cover them unconformably, and 
resemble the ordinary Up})er Old Red Sandstone of Scotland. In Cork and the south- 
east of Ireland they are followed by the pale sandstones and shaly flagstones known as 
the “Kiltorcan beds,” with apparently a perfect conformability. The Kiltorcan bods 
(which pass xip conformably into the Carboniferous Slate) have yielded a few lislnss 
{Bothriolepis, Cuccostciis, GhjptolepU), some merostomata {Bcluiurtts, Btartftjuf'im), 
the unio-like Amnigenia {Anodonta) Jukesii, and a number of ferns and other 
land-plants (Archseoptcris, SpIwioptcriSf Sagenaria {Gyclostigmu), and those described 
under the name of KnomcC),'^ 

Norway, Arctic Regions. — On tlie continent of Europe tho Old Red Sandstone typo 
can hardly be said to occur. Some outliers of rod sandstone and conglomerate (p. 100b) in 
northern and western N or way reach a thickness of 1000 to 1200 feet. Near Christiania, 
they follow the Silurian strata like the Old Red Sandstone, but as yet have yielded no 
fossils, so that, as they pass up into no younger formation, their geological horizon 
cannot he certainly fixed. The Devonian rooks of Russia have been above roferro<l to 
as presenting a union of the two types of this pai’t of the geological series. Tln^ 
extension of the land of the Old Red Sandstone period, wnth its ohaiacteristio flora, far 
north within the Arctic circle is indicated by tho discoveries made at Boar Island 
(lat. 70® 30' N.) between the coast of Norway and Spitzhergen. Certain seams of coal 
and coaly shale occur at that locality, underlying beds of Carboniferous Liinoatone and 
overlying some yellow dolomite, calcareous shale, and red shales. They wore assigned 
by Heer to the Carboniferous series, but were regarded by Dawson tis Devonian. They 
may be correlated witlr the Upper Old Red Sandstone of Britain. Of the eighteen 
species enumerated by Heer, only three were stated by him to be peculiar to tin' 
locality, while among the others were some widely -diffused fonns: Adm'omhmitvit 
scft'ohlmhUits ( = CalamitesradM'iis, 0, transUwnis), Archaiopteris rocmermniii Sph'noptcris 
Oardiopteris frondosa, Lqiidoilondrmh veWmmiannm, More roccujtly other 
forms have been found, including the characteristic fern Archmptnin hihenilca and a 
few other species, Bofkrodmdmi HUorhcnise, species of QephaMhata, Oydostiginu ^ 
Kmrna^ MctcTostarhya, Bteridoraclm, Bp1ieivopt,cruivumt &c., together with 

the typical genus of Upper Old Red Sandstone fish, EoloptycldmJ^ 

1 Professor Hull, Q. /. G. iS. xxxv. xxxvi.; Tmns. Boy, Boo. (now aer.) i. p. 135 

(1880) ; Explanations of the Ocol. Irdamh sheets 167, &c., 187, &c. J. Nolan, 

Q, J, G, S, 1880, p. 529. Kinahau, T^i'ans, Oeol, Boo, Edin, 1882, p. 162. Tlio south of 
Ireland fonned another of tlie basins in which the Lower Old Red Sandstone was accumulated. 

3 Heer, Q, L G. B. xxviii. p. 161. Dawson, op, oil, xxix. p. 24. A. G. Nathorst, ‘Zur 
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Still farther north more complete evidence of the northward extension of the Old 
Red Sandstone has been found in Spitzbergen, where both the Lower and Upper 
divisions of tlie system are represented by their characteristic fossils. The Lower 
section is marked in the rod micaceous sandstones and comstones of Dickson Bay by 
the occurrence of Btcrasins^ Cephaht^iSf Acantliaspis, and other genera, while the 
Upper is indicated by the strata of Mimers Valley, containing PsammosicxtSj Asicroplax^ 
OmfchocUts and teeth, scales, and plates, which may be referable to Holt^ity chins, Sanri- 
pUms, and other forms.^ 

North America. — It is interesting to observe that in North America representatives 
occur of the two divergent Devonian and Old Red Sandstone types of Europe. The 
American Devonian facies has already been refeiTcd to. On the eastern side of the 
ancient prc-C^timbritin and Silurian ridge, which, stretching southwards from Canada, 
separated in curly Paljcozoic time the great interior basin from the Atlantic slopes, we 
find the Devonian I'ocks of Now York, Pennsylvania, and the interior represented in 
New Jirunswick and Nova Scotia bj’’ a totally dilForent series of deposits. The contrast 
strikingly recalls that presented by the Old Red Sandstone of the north of Scotland and 
the Devonian rocks of North Gennany. On the south side of the St. Lawrence, the 
coast of Gaspe shows rocks of the so-called “ Quebec group” unconfonnably overlain by 
gi’ey limestones with green and rod shales, attaining, according to Logan, a total thick- 
ness of about 2000 feet,*'* and in some bands replete with Upper Silurian fossils. They 
arc conformably followed by a vast ai’enaceous series of deposits termed the Gaspe Sand- 
stones, to which tlie careful measuremoiits of Logan and his colleagues of the Canadian 
Geological Survey assign a depth of 7036 feet. This fomation consists of gi‘ey and 
drab-coloured sandstones, with occasional gi*ey shales and bands of massive con- 
glomerate. Similar rocks roap})ear along the southeni coast of New Brunswick, where 
tliey attain a depth of 0500 feet, and again on the opposite side of the Bay of Fundy. 
The researches of Sir J, \V. Dawson, already referred to, have made knowm the remark- 
able llora of these rocka,*^ Some of the same plants are said to occur in the Devonian 
rocks to the west of the Arclnean ridge, and thus to alibrd a presumption of the con- 
temporaneity of the deposits oii the two sides. Associated with the vegetation are the 
remains of insects, myriapods, arachnoids, and a scorpion, together with two species of 
land-snails. In I'ccumt years a considerable number of fossil fishes have been obtained 
from two localities in Now Brunswick, which prove beyond question that the rocks 
containing them re])reKent the Old Red Sandstone of Europe. In the lists, as published, 
there is a commingling of both Louver and Upper fomis. From Campbellton, at the 
head of the Bay of Chaleur, have boon obtained Ccphalnspis (two si)ecics), Bhlyctima^is, 

]>alaozc)iscIien Flora der arktischcu Zone,* Smnsk. Vd. Akad. Handling, xxvi. No. 4 (1894) ; 
‘Zur oherdevonisclien Flora von Bilron-Insol,’ op. at. xx.xvi No. 3 (1902); Jiidh Oeol, Inst. 
XTpsahi, No. 8, iv. Tart ii. (1899), 

^ E. Jbiy Lankester, Akiul. ilandUng. xx, (1884), No. 9. A. S. Woodward, Ann. 

Mag. Naf. 11 id. viii. (1891). 

- ‘Ch'.ology of Cana<bi,’ ]>. 393. Tlio probable limits of the lake or lagoon in which the 
Oneonta sediments were laid <lown (with their Edhct'ui mfmhmnacm and Amnigenia 
vatskiBonsU) are being troised by some of the geologists of New York State, who have 
suggested a connection between that sheet of water and the lakes of Nova Scotia and 
(hispi'. Papers by Messrs. #7. M. (Jlarke, E. 0. Ulrich, and C. Schuchert in recent JiiUletins 
of the Now York State Museum (1900-2). 

“ Fossil Plants of the Devonian and Silurian Formations of Canada,” Oeol. Snt'V. Canada, 
1871. Tliere api)earH, however, to be some dilTereuce of opinion as to the stratigrapliical 
position of some ])art at least of the llora which is found at St. John, New Brunswick, 
itegarded by Dawson and others as undoubtedly Devonian, it has more recently been 
claimed as Onrboniferons, and tbe strata containing it to be the equivalents of the Rivers- 
dale series of Nova Srotia. Koe •!. F. Whiteaves, Address to Sect, E, Anier. Assoc. 1899. 
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GijyacaiithuSf OheiracanthtiSj Acauthodes, Protodus, Diplodits, together with PsUophytoiiy 
Arthivstigjm, Leptophlmimf CordaiteSf and P'ototasdtcs, This assemblage resembles 
that of the Caithness flags. From Scaumenac Bay comes another species of Gqdialaspis, 
also Acantliodes, BothriMepis, Scaummacia {PiM'iicropleuron), GlyptoUpis^ and Bustlu'no- 
pteron (allied to the Tristichopterus of Caithness). Here GepJialtispiSf which in Eiiroj)© 
is a characteristic genus of the older part of the system, is placed with Bofhriolepis, 
which is only found in the younger part. Some more detailed stratigraphical research 
in this region would seem to be desirable.^ 


Section Iv. Carboniferous. 

I 

§ 1. General Characters. 

This great system of rocks has received its name from the scams of 
coal which form one of its distinguishing characters in many parts of the 
world. Both in Europe and America it may be seen passing down con- 
formably into the Devonian and Old Eed Sandstone. So insensilJe indeed 
is the gradation in many consecutive sections where the two systems 
join each other that no sharp lino can there bo drawn between them. 
This stratigraphical passage is likewise frequently associated wdth a 
corresponding commingling of organic remains, either by the ascent of 
undoubted Devonian species into the lower parts of the Carboniferous 
series, or by the appearance in the Upper Devonian beds of species which 
attained their maximum development in Carboniferous times. Hence 
there can be no doubt as to the true place of the Carboniferous system in 
the geological record. In some places, however, the higher members of 
this system are found resting unconfoimably upon Devonian or older 
rocks, so that local disturbances of considerable magnitude occurred Ijo- 
fore or dm'ing the Carboniferous period. It is deserving of notice that 
Carboniferous rocks are very generally arranged in basin-shaped areas, 
many of which have been wholly or partially overspread unconfoimably 
by later formations. This disposition, so w^ell seen in Europe, and 
particularly in the central and western half of the continent, has in some 
cases been caused merely by the plication and subsc(iuent extensive 
denudation of what were originally wide continuous sheets of rock, as 
may be obseiwed in the British Isles. But the remarkable small scattered 
coal-basins of France and Central Germany were probably from the first 
isolated areas of deposit, though they have suffered, in some cases very 
greatly, from subsequent plication and denudation. In Eussia, and still 
more in China and western North America, Carboniferous rocks cover 
thousands of square miles in horizontal or only very gently undulating 
sheets. 

Eocks. — The materials of which the Carboniferous system is built 
up differ considerably in different regions ; but two facies of sedimenta- 
tion have a wide development. In one of these, the marine type, lime- 
stones form the prevailing rocks, and are often visibly made up of 

^ See the Address of Mr. Whiteaves just cited, and the references ther^ given. 
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organic remains, chiefly enciinites, .cprals, foraminifera, and moUusks. 
According to Dupont’s researches in the Carboniferous Limestone of 
Belgium there are two main types of limestone: (1) the massive lime- 
stones formed by reef-building corals and coralloid animals, and disposed 
iu, fringing reefs or dispersed atolls, according to their nearness to or 
distance from the coast of the time ; and (2) the detritic limestones, mainly 
consisting either of an aggi'egation of crinoid stems or of coral-d6bris, 
and often stretching in extensive sheets like sandstone or shale.^ The 
limestones of both types assume a compact homogeneous character, with 
black, grey, white, or mottled colours, and are occasionally largely 
([uarriod as marlde. Local developments of oolitic structure occur 
among them. They also assume in some places a yellovdsh, dull, finely 
granular aspect and more or loss dolomitic composition. They occur in 
l)eds, sometimes as iu Central England, Ireland, and Belgium, piled over 
each other for a depth of hundreds of feet, and in Utah for several thou- 
sand feet, with little or no intercalation of other material than limestone. 
The limestones frequently contain iiTegular nodules of a white, grey, or 
black flinty chert (phtanite), which, presenting a close resemblance to the 
dints of the chalk, occur in certain beds or layers of rock, sometimes 
iu numbers sufficient to form of themselves tolerably distinct strata.^ 
These concretions are associated with the organisms of the rock, some of 
which, comphitely silicifiod and beautifully preserved, may be found im- 
bedded in the chort. Dolomite, usually of a dull yellowish colour, 
granular texture, and rough feel, occurs both in beds regularly inter- 
stratified with the limestones and also in broad wall-like masses running 
through the limestones. In the latter cases, it is evident that the lime- 
stone has l)een changed into dolomite along lines of joint; in the former, 
the dolomite may be due to contemporaneous alteration of the original 
calcar*cious deposit by the magnesian salts of sea-water, as already explained 
(pp. 42(), nso). Traced to a distance, the limestones are often found to 
grow thinner, and to bo separated by increasing thicknesses of shale, 
or to become more and more argillaceous and to pass eventually into 
shale. The shales, too, arc ofter\ largely calcareous, and charged with 
fossils ; but in some places assume dark colours, become more thoroughly 
argillaceous, and contain, besides carbonaceous matter, an impregnation 
of ])yritos or murcasito. Whore the marine Carboniferous type dies out, 
the shales may pass into coal or ironstone, associated with sandstones and 
clays. In Britain, alnxndaiit contemporaneous volcanic rocks are pre- 
served in the Carboniferous Limestone series. 

The second facies of sedimentation points to deposit in shallow 
lagoons, which at first were replenished from the sea, hut afterwards 
appear to have been brackish and then fresh, or in lakes into which 
coarse and fine detritus as well as vegetation and animal remains were 
washed from ii(‘ighbouring land. The most abundant strata of this type 
arc sandstones, which, presenting every gradation of jSneness of grain up 

^ JiulL Acad, Hoy, Bely, (3) v. 1883, No. 2. Soe also the papers on reef-kuolls by Mr. 
Tidcleman, citotl p. 1041. 

Reuavd, B\dl, Acad, Hoy, Bely, (2) xlvi. p. 9. 
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to pebbly grits, and even (near former shore-lines) conglomerates, are 
commonly yellow, grey, or white in colour, well -bedded, sometimes 
micaceous and fissile, sometimes compact ; often full of streaks or layers 
of coaly matter. Besides the existence of pebbly grits and conglom- 
erates pointing to shallow water and comparatively strong currents ,of 
transport, there occur in different parts of the Carboniferous system 
scattered pieces and even blocks of granite, gneiss, quartzite, or other 
durable material which lie imbedded, sometimes singly sometimes in 
groups, in limestone, sandstone, and in coal. Various explanations ha^'o 
been proposed to account for these erratics, some writers having even 
suggested the action of drifting ice.^ The stones were most probably 
transported by floating plants. Seaweeds, like our living Fuciis, with 
their rootlets wrapt round loose blocks might easily be torn up and 
drifted out to sea, so as to transport and drop their freight among corals 
and crinoids living on the bottom. But more usually trees gi’owing on 
the land would envelop soil and stones among their roots, and if blown 
down and earned away by storms and floods might lieai’ these with them.‘^ 
Next in abundance to the sandy sediment came the deposits of mud 
now forming shales. These occur in seams or bands from less than an 
inch to many yards in thickness. They are commonly black and carbon- 
aceous, frequently largely charged with p 3 rritous impregnations, sometimes 
crowded with concretions of clay-ironstone. Coal occurs among these 
strata in seams varying from less than an inch up to several feet or yards 
in thickness, but swelling out in some rare examples to 100 feet or more. 
A coal-seam may consist entirely of one kind of coal. Frequently, how- 
ever, it contains one or more thin layers or “partings” of shale, the 
nature or quality of the seam being alike or different on the two sides of 
the parting. The same seam may be a cannel-coal at one part of a 
mineral field, an ordinary soft coal at a second, and an ironstone at a 
third. Moreover, in Biitain and other countries, each coal-seam is 
usually underlain by a bed of fire-clay or shale, through which rootlets 
branch freely in all directions. These fireclays, as their name denotes, 
are used for pottery or brick-making. They appear to be the soil on 
which the plants of the coal grew, and it was doubtless the growth of the 
vegetation that deprived them of their alkalies and iron, and thus made 
them industrially valuable. In the small coal-basins of Central France 
the coal is dispersed in banks and isolated veins all through the Carboni- 
ferous strata. Clay-ironstone occurs abundantly in some coal-fields, both 
in the form of concretions (sphserosiderite) and also in distinct layers from 
less than an inch to eighteen inches or more in thickness. The nodules 
have generally been formed round some organic object, such as a shell, 
seed-cone, fern-frond, &c. Many of the ironstone beds likewise abound 
in organic remains, some of them, like the “ mussel-band ” ironstone of 

1 For remarks on the climate of the Carboniferous period seejposteot p. 1019. 

^ For accounts of these travelled stones in Carboniferous rocks see especially D. Stur, 
JaJirb. GeoL Beidisamt xxxv. (1885), p. 613, and the authorities citetl by him. W. S. 
Gresley, Geol. 1885, p. 653 ; Q. J. O. S. xliii. (1887), p. 734. V. BaU, qp, oiL xliv. 

(1888), p. 871. 
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Scotland, consisting almost wholly of valves of Anilwacosia or other shell 
converted into carbonate of iron. 

The mode of origin of coal cannot be closely paralleled by any modem 
formation, and various divergent views have been expressed on the sub- 
ject. There seem to have been two distinct modes of accumulation : (1) 
by growth in siki, and (2) by drifting from adjacent land. It is possible 



d 

Fljf. 39 ( 1 .— Carbouiferous CoralM. 

a,'ZaplirantiH oyllndricyi, Seoul.; hj Lithoatrotiou juiicoum, Pleni ; Do. niagiiitled, transverse section ; 

W, Do. tnagulHwl, longitu<linal snotlon ; c, Lithostrotion PortlocW, Milne Bdw.; c\ Do. calyx uiag- 
nifltMl ; tl, Oyatliophyllum Stutchbviryi, Milne Edw.; (», Lithostrotion Ixisaltifonne, Phill., sp. 

that in some coal-fields both these processes may have been successively 
or simultaneously in operation, so that the results are commingled. 

1. In those cases where the evidence points to growth in situ, the 
coal-seams have been laid down with tolerable uniformity of thickness 
and character over considerable areas of ground, and they now appear as 
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regular layers intercalated between sheets of sediment, and for the most 
part rest on fireclay or shale, into which roots and rootlets may fre- 
quently be seen to ramify as in the position of growth.^ The nearest 
analogy to these conditions is probably furnished by cypress swamps,^ 
and by the mangrove swamps alluded to already (p. 609), where masses 
of arborescent vegetation, with their roots spreading in salt water among 
marine organisms, grow out into the sea as a belt or fringe on low shores, 
and form a matted soil which adds to the breadth of the land. The coal- 
growths no doubt also flourished in salt water ; for such shells as Aviculo- 
^edm and Qoniatites are found lying on the coal or in the shales attached 
to it. Each coal-seam represents the accumulated gi'owth of a period 
which was limited either by the exhaustion of the soil underneath the 
vegetation (as may be indicated by the composition of the fire-clays), or 
by the rate of the intermittent subsidence that affected the whole area of 
coal-giwths. Though the vegetation in these coal-fields may have 
grown as a whole in situ, there may also have been considerable trans- 
port of loose leaves, branches, trunks, &c., after stoims, and also during 
times of more rapid subsidence. Prom the fact that a succession of coal- 
seams, supposing each to represent a former surface of terrestrial vegetation, 
can be seen in a single coal-field to extend through a vertical thickness of 
10,000 feet or more, it is clear that the strata of such a field must have 
been laid down during prolonged and extensive subsidence. It has been 
assumed that, besides depression, movements in an upward direction were 
needful to bring the submerged surfaces once more up within the limits 
of plant growth. But this would involve a prolonged and almast incon- 
ceivable sea-saw oscillation ; and the assumption is really unnecessary if 
we suppose that the downward movement, though prolonged, was not 
continuous, but was marked by pauses, long enough for the silting-up of 
lagoons and the spread of coal-jungles.^ 

That the vegetation actually grew on the spot where its remains are 
now found is further shown by the succession of platforms of vertical 
tree-trunks standing in their positions of growth and with their roots 
branching freely in the sediment on which they had sprung up. In these 
instances there may be no coal-seam, as, on the other hand, there are vast 
numbers of coal-seams without the accompaniment of vertical stems. 
The St. Etienne coal-field displays a succession of these forests, and in 
that of Nova Scotia Dawson enumerated no fewer than sixty-eight, one 
above another. Grand’ Eury has shown that it was not merely one genus 

1 For argiuiients in support of the view that coal was formed of plants 'in situ see Logan, 
Tram, Gaol, Soe. vL (1842), p. 491. Newberry, Avier, Joimi. Sci, xxiii. (1867), p. 212 ; 
‘Geol. Surv. Ohio,’ vol. ii. Geology, p. 125 ; School of Mines Quart&ii'ly^ New York, April 
1893. Gtimbel, Bayen\ Akad, 1883. W. S. Gresley, Gcd, Mag, 1901, p. 29. 0. E. 
Bertrand and B. Benanlt, Oompt, rend, cxvii. (1893), p. 639, where evidence is given of the 
formation of “ boghead ” from algm. The origin of coal formed the suhiject of a discussion 
at the British Association in 1900, Report, p. 746. 

® For an account of the submerged lauds (Dismal Swamp) of the Mississippi, sec Lyell’s 
Second Visit to the United States,* chap, xxxiii. 

See a statement of the oscillation theory as far back as 1849 by M. Virlet d’Aoust, 
B, S, G, F, (2) Vi. p. 616. 
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or group of trees that had this aquatic habitat, but that all the more 
important arborescent plants actually lived in swamps or shallow water 
with their roots in the sand or mud of the bottom, — Stigmaria, 
Suringodendrou, Stigmariopsis, Sigillaria, Cahmites, Calamodendron, tree-ferns 
{Esaronim, Aulacopteri% &c.), and Conlaites} 

2. Those who advocate the ^dew that most coal-seams have resulted 
from the deposit of transported vegetation point to the evident stratifica- 
tion of the coal and to the intercalation of thin seams or laminse of shale 
in the seams. Coal passes laterally into shale and ironstone, sometimes 
even into dolomite.® Moreover, the researches of Grand’ Eury, Fayol, 
and others in the small coal-basins of Central France have shown that in 
these regions much vegetable matter was washed down from adjacent 
land.® The coal is irregularly distributed among the strata, and it is 
associated ^vith beds of coarse detritus and other evidence of torrential 
action. Numerous tiunks of calamododendra, sigillarise, and other trees 
imbedded in the sandstones and shales vertically and at all angles of 
inclination bear witness, like the “snags” of the Mississippi, to the 
currents that transported them. The basins in which the accumulated 
detritus and vegetation were entombed seem to have been small, but 
sometimes comparatively deep, lakes lying on the ancient crystalline 
rocks that formed an uneven land- surface during the Carboniferous 
period in the heart of France. But there is evidence, even in these 
basins, of the growth of coal-plants in $it% and of the gradual subsidence 
of the alluvial floors on which they took root. Grand’ Eury, in studying 
the tree-trunks with their roots in place on many successive levels in the 
coal fields of Central France, has ascertained that these trees, as they 
were enveloped in sediment, pushed out rootlets at higher levels into the 
silt that gathered round them. 

It would thus appear that no one hypothesis is universally applicable 
for the explanation of the origin of coal, but that growth on the spot 
and transport from neighbouring land have both in different regions 
contemporaneously and at successive periods come into play. 

In this place reference may most conveniently be made to the probable 
climate in which these geological changes took place. The remarkable 
profusion of the vegetation of the Carboniferous period, not only in the 
Old World but in the New, suggested the idea that the atmosphere was 
then much more charged with carbonic acid than it now is. Undoubtedly 
there has been a continual abstraction of this gas from the atmosphere 
ever since land-plants began to live on the earth’s surface, and it is 

^ Set‘ liis series of papers in the Qowpt reiid.. for 14th June 1 897 and April to July 
1900 ; rend. Contfreit Q4d, Intmiat, Paris, 1900, p. 620. 

a A. Strahan, Q. /. a K Ivii. (1901), p. 297. 

^ For the detrital origin of coal, see Grand’ Bury, Ann, des Mines, 1882 (i.), pp. 
99-292 ; Mm, S, U, F, 8® scr. iv. 1887 ; ‘ Geol, et Paleontol. du bassin Houiller du Gard,’ 
1891 ; Gomx)t, rend, cxxiv. (1897), cxxx. (1900). Fayol, ‘ Etudes sur le Terrain Houiller de 
Gommentry,’ Part 1 ; JkiU, Boc, Indv-stne Min, ser. 2, vol. xv. and Atlas (1887) ; B, 

0, F, 8® ser. xvii. (1888). B. Renault, ‘ Flore Fossilo de Conimentry,’ Bull, Soe, Mist, Fat, 
iV Autuu {lS^l), A. de Lapparent, Bov, GueBt, Scien, July 1892. 
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alloTvable to infer that the proportion of it in the air in Palaeozoic 
time may have been somewhat greater than now. But the difference 
could hardly have been serious, otherwise it seems 
incredible that the numerous insects, labyrinthodonts, 
and other air-breathers, could have existed. Most 
probably the luxuriance of the flora is rather to 
be ascribed to the warm moist climate which in 
Carboniferous times appears to have spread over 
the globe even into Arctic latitudes. On the other 

■ hand, evidence has been adduced to support the 
b \’iew that in spite of the genial temperature indicated 
by the vegetation there were glaciers even in tropical 
and sub-tropical regions. Coarse boulder-conglomer- 
c ates and striated stones have been cited from 
various parts of India, South Africa, and Eastern 
rig. 391.— Carboniferous Australia, as evidence of ice-action. These will be 
Crinoid. more particularly noticed farther on. 

Life. — Each of the two facies of sedimentation 


rig. 391.— Carboniferous Austraha, as evidence of ice-action. ihese will be 
Crinoid. more particularly noticed farther on. 

Life.— Each of the two facies of sedimentation 
part of stem; ft, portions above described has its o\vn characteristic organic 
of the stem ;c, one of types, the one series of strata presenting us chiefly 
central canal. With the fauna of the sea, the other mainly with 

the flora of the land. 


L The Mahinb fauna is specially rich in crinoids, corals, and 
brachiopods, which of themselves constitute entire beds of limestone. 
Among the lower forms of life the Eoraminifera are well represented. 
The genera include Saccammim, Endothpu, Valculina^ Climacamminu, 
Siacheia, Lagena, Nodosmia, Textularia, Archasdisciis, Fmilina, Some of 
these genera exhibit a wide geogi'aphical range ; Saccammina, for example, 
forms beds of limestone in Britain and Belgium ; Fiisidim plays a still 
more important part in the Carboniferous Limestone of the region from 
Russia to China and Japan, as well as in North America; while a 
species of Falvulim (K ^alseotrochvs) extends from Ireland to Russia 
on the one side and to North America on the other. As already noticed, 
species of organisms, with a wide geographical extension, have also a 
long geological range, and this is more specially exemplified in such 
lowly grades of existence as the foraminifera. The form named 
Trochmiinim inceiia, for instance, is found through the whole Carboniferous 
Limestone series of England, reappears in the Magnesian Limestone of 
the Permian system, and occurs not only in Britain but in Germany and 
Russia, while Saccammina is a still living genus.^ Radiolaria are 
extremely abundant on some horizons in the Lower Carboniferous 
formations, where they form layers of dark chert and occur also in soft 
grey shales. Thus the Lower Culm of Devon and Cornwall has yielded 
twenty-three genera, seventeen of which are common to the Culm of 
Germany, Sicily, and Russia.® The existence of Sponges in the Carbon- 


^ H. B. Brady, ‘Monograpb of Carboniferous and Permian Foraminifera,* Pedoomtog. 
Soc, (1876). 


® G. J. Hinde and H. Fox, Q, J, 0, S. li. (1895), pp. 609-668. 
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ifurous s(!iis is shywn l>y the occnrreiico of siliceous spicules, more rarely 
by enfire siMriiifoi.s,' aiul by early tyjjes of the calcm-oous pharetrones 
and sycoiies. <'ornls (Kig. 3!I0) arc represented by tabulate (Miclielinia, 
ChhuMioinix, I’liivieti'x, especially prominent as a reef builder, 




UU'J.—CarlHmifiu’OUK 

rt, SpirilVrirui Ininijmwi, ; /», Hpivifor HtriatnH, interior of dortwil valve, showing spiral calcareous 

supports for tho anus ; c, Tonduiitulii (Dfidasnin) haslata. Sow. j Protlnctus giganfceug, Martin 0. 

anti tlio anciont and wnning genus Fmosites), and still more by rugose 
forms {.Ini/ilf.nt.'i, Zaplnyuth^ Cyalliojihi/lhnn, Anlo])hylhm^ Clisiophylhm^ 
LitlmMinUi Lonmdakui, Thilli^mdma), Among the Echinoderms, which 



(t & 

Vig, SOS,— Oarbonlforoua Tjamollibxaiiclia. 

«, ConocarfUuin allforrno, Sow, ; ft, Aviculopectou (Strobloptorla?) sublobatus, Pliill., 
showing colour-bands. 

wore abundant and varied, the setvurchins were represented by Ardueo- 
ddmiSi PmRchodomxi^ (KonincJeo€idam\ Lepidocidaris, Palaschinus, and 
Melanechimif^ {Mdonite»\ The blastoids, which how took the place in 

* Aa Itt the PemmatiUs from Yorkshire, desexibed by Dr. Hixxde, Q. J. O. S, lii. (1896), 
p. 438. 
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Carboniferous 'waters that in Silurian times had been filled by the 
cj^stideans, attained their maximum development, nineteen genera and 
upwards of 120 species having been found in the sub- Carboniferous 
group of North America {Pentremites^ Codastcr, OrUtremites^ See,). But 
it was the order of crinoids that chiefly swarmed in the seas where 
the Carboniferous Limestone was laid down, their separated joints now 
mainly composing solid masses of rock several hundred feet in thickness. 
Among their most conspicuous genera were Platycrinm^ Eudadocnnub\ 
Didwcrims^Actinocrinm, Baiocrhius, PJwdocnnuB^ Belemnocnniis^ Cijathocrmxi.% 
(Fig. 391), Poteriocrinua, Woodocrims, dixA Taxoarinus. Tubicolar Annelids 



Fig. 804. -^Carboniferous Gasteropods. 

a, Euoinphalus pentangulatua, Sow. ; h, Pleurofcomaria cariuata, Sow., showing coIour*bands. 

abounded, some of the species being solitary and attached to shells, corals, 
&c., others occurring in small clusters and some in gregarious masses form- 
ing beds of limestone (Spirorbis, SerpwUtes, Ortonia), Free-swimming forms 
are represented by detached jaws and toothed plates,^ and by abundant 
burrows and trails among the sedimentary strata. Bryozoa abound in 
some portions of the Carboniferous Limestone, which were almost entirely 
composed of them, the genera Fethestella, Wiomhopora, Polypm'a, Archimedes, 
Tkumniscus, and Pinmtopora {Glmcomme) being frequent. 

Of the Brachiopods (Fig. 392) some of the most common forms 
are Pi'odudiis (a charactenstic genus), Spinfjyr, It.hy7icli07iell(i, {Pugntur, 
Hypothyris, &c.), Athym, Ohonetes, Orthis, Terebrahda^ (Diehfsuta), 
Leptm.a, Derhja, Lyitonia,' Lingula, Orliculoidea {Discinaj, and Grama."^ 
There are species that appear to range over the whole 'world, such as 
Productus seniireficulatus, costatus, longispinus, pysitvloaua, cora, acideatus, 
nndatns ; Ortlwthetes (Strtpiorliynrlnf^) crenistria ; Sf.i/ftr lineatus, glaber ; 
Athyris glohularis; and Terebratula (Bielasma) hastata, Mollusks now 
begin to preponderate over brachiopods. The Lamellibranchs (Fig. 393) 
include forms of Aviculopecten, Posidonomya, Nucuhm {Lcda), Nnmla, 

1 G. J. Hinde, Q. J. O, S. xxxv. p. 370, 386 ; xxxvi. pp. 368 ; Hi. p. 448. 

2 JProductits is almost wholly Carbouiferons, and in the Kpccies P. giffuiiteua (Fig. 
392, d) of the Carboniferous Limestone reached the maximum size attained by the 
brachiopods, some individuals measuring nearly twelve inches across. Other genera had 
already existed a longtime ; some even of the species were of ancient OaiQ-^OrfJi in resitpinata 
of the Carboniferous Limestone and the Devonian 0. striatnla and Strophcmiena dej^rmna had 
survived, according to Gosselet, from the time of the Bala beds of the Lower Silurian period 
(Gosselet, Esguiese, p. 118). 
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Sangiiivolifas, Schkodns, Edrnondm, Carhonicola {Anthramia), Anthmcomya, 
Naiadite-s, Mf/aUna, Modiola^ and Oonocardimn, The Gasteropods (Fig. 394) 
arc represented by numerous genera, among which Euom- 
phalus, X’ • G-oi . ' Murchmniay PleAirotomaiia^ Ma aochilma 

and Loxonema are frequent. The genus Bellet'oplion is repre- 
sented by many species, among which -B. Urei and B. 
deemsafus are specially common. Another abundant genus 
is Gouulana (Fig. 395), which often attains a length of 
several inches. Of the Oephalopods (Fig. 396) the most 
abundant and widely distributed are forms of Orthocei'os, 

Actinocenm^ Bofmoceras, Liscites, C(elonauiilus, 

GLf/phioceras {Goniatite.s\ Gastnocerm and Brolmmites. 

The Crustacea present a facies very distinct from that 
of the previous Palteozoic formations. Trilobites now almost coimiaria'qtiad. 
wholly disappear, only five genera of small forms of the risuicaia, sow. 
single family of the Proetidje {Broehis, Griffithides, Bhillipsia, Carboniferous 
Brachjmdopus) being left. But other Crustacea are abun- 
dant, especially ostiacods {Bairdia, Cj/joridellim, Cyflm'e, KirTcbya, Leperditia, 




Eig. 3im.— Carboniferous Coplialopods. 

a, Nautilus (Discilos) Kouinckil, D’Orb. ; h, Goniatitos crenistria, Phill. ; c, Ortboceras (Breynli, Mart. ; 

laterale, Phill.). 

Beyridm, &c.), which crowd many of the shales and sometimes even 



Pig. 897.— Carboniferous ScMzopod. 
Authrapaltemon Htheridgii, Peach, twice nat. size. 


form seams of limestone. Some schizopod forms are met with 
{Balssocaris, Bseudogalathea), and a few occur not infrequently, particu- 
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larly Anthrapalmion (Fig. 397) and PalmGi'an^m {Cnunjopsi^)} Several 
phyllocaxids [DUhji'ocam^ Cet’diocaris) appear, together ^vith some 
phyllopods (EsiJmia, Leaict\ and with the larger merostomatous 



Fig. 89S.— Carboniferous Ichthyodoruhte, or Dorsal Flali-spino. 
Spheuacantbufi bybodoides, Bgcrton. 


Eimjpt&i'us and king-crabs {Fredmclm, Belimrm), The Carboniferous 
Limestone of the British Isles has supplied more than 100 genera of 
fishes, chiefly represented by teeth and spines (TBamimth.^ CorJfhoiJmi, 



Pig. SOD.—Carboniferous Fi«h. 

Jaw of Ehizodus Hibbeitl, Ag. sp., ono-third nat. siae. 


Cladodiis, Feiahdus, Ctmwdus, Rhkodus, Cienopfychm, &c.). Some of 
these were no doubt selachians which lived solely or usually in the sea, 
but many, if not all, of the ganoids probably migrated between salt and 
fresh water ; at least their remains are found in Scotland not only in 



Fig. 400.-^0arboniferous FIbIi. 

Burynotus crenatus, Ag., ** Cemeut-stones ” of Scotland (after Troquair). 


marine limestones, but also in strata full of land-plants, cyprids, and other 
indications of estuarine or fluviatile conditions. Some of the fishes met 

^ The supposed Carboniferous Macruraare now regarded as Scbizopods ; see B. N. Beach, 
Proc, Roy, Phys, Roc, Ediiu ziv. (1901), p. 870. 
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with in the plant-bearing type of the Carboniferous system are mentioned 
on p. 1031, together Avith the air-breathers and other terrestrial organisms. 
The Carboniferous system of the United States has likewise furnished a 
large list of fossil fi^es. The census given in 1889 by Newberry com- 
prised nearly 400 species from the Carboniferous Limestone series. 
They were nearly all elasmobranchs, recognisable as a rule only by teeth 
and spines or dermal tubercules. The Coal-measures of America have also 
yielded, as in Europe, a great many ichthyolites, chiefly small tile-scaled 
ganoids allied to FalaionisouSf but a considerable number of larger forms 
of the same order {Ehizodus, Megalichthys, Coilacanthm), together with 
dipnoans {OteTwdm) and numerous elasmobranchs represented by teeth 
(Cladodus, Dijplodus^ Pdalodus) or by spines (Edestus, Ctenaca7ithus, Ortha- 
canthus)} 

It is deserving of remark that in the marine type of the Carboniferous 
system considei'able differences may be o]-)served l^etween the distribution 
of the fossils in the limestones and shales even of the same quaiTy. The 
limestones, for example, may be crowded with the joints of crinoids, 
corals of various kinds, producti and other brachiopods, while the shales 
above them may contain few of these organisms, but afford polyzoa, 
Conxilmid^ horny brachiopods {Lingula, Orhimloidm), many lamellibranchs, 
especially pectcns, aviculopectens, nuculas, ledas, and gasteropods 
{rieurotomarut, Loxonema, JlrUfirojfhon, &c.). It is evident that while some 
organisms flourished only in clear water, such as that in which the 
limestones accumulated, others abounded on a muddy bottom, although 
some seem to have lived in either situation, if we may judge from finding 
their remains indifferently in the calcjireous and the muddy deposits. 

II. The Lagoon phase of sedimentation, or that of the coal-swamps, is 
marked l3y a very characteristic suite of organic remains. *Most abundant 
of these are the plants, which possess ‘a special interest, inasmuch as they 
form the oldest terrestrial flora that has been copiously preserved.^ 
This flora presents a singular monotony of character all over the 
northern hemisphere, from the Equator into the Arctic Circle, the same 
genera, and sometimes oven the same species, appciiring to have ranged 
over the whole surface of the globe. It consisted almost entirely of 
vascular cryptogams, and pre-eminently of Ferns, Equisetficoss, and 
Lycopodiaccae, but with some gymnospeims allied to cycads and yews. 
The presence of Algse in the coal-swamps has now been proved by the 

^ J. S. Newberry, Monograph xvi. (1889), U,S, Q, 8, 

2 On tbe Carboniferous flora, consult A. Brongiiiart, ‘Prodrome d’une Histoire des Vegetaux 
fossxles,* 1828. Lindley and Hutton, ‘Fossil Flora of Groat Britain,’ 1831-37. 0. E. Weiss, 
‘ Fossile Flora d. jiiugsteu Steiukohl im Saar-Rlioin-Gob,’ Bonn, 1869-72; ‘Die Flora d. 
Steinkohleu Formation,’ Berlin, 1881. Williamson’s Memoirs “On tbo Organisation of tbe 
Plants of the Coal-measures,” PM, Tmns, clxii. (1872), and subsequent volumes. Zoiller, 
on the Carboniferous flora of Valenciennes, Autun, and Brive, in the series of volumes 
entitled ‘Etudes des Gites Mintau de la France,’ published by the Ministry of Public 
Works. D. Stur, “Die Culm-flora,” AbJiMtid, K,K, GeoL JUidisanat, Vienna, viii. (1875). 
Zeiller and Renaiift on Fossil Flora of Commontry, BidL Soc, Inthist. Min. 8t. Mienne, 
2 vols. with Atlas, 1888-90. R. Kidston, Trans, R, S. Edin. x.xx. xxxv. xxxvii, D. White, 
“Fossil Flora of Lower Coal-measiures of Missouri,” M&nog, U,S, Q, 8 , No. xxxvii. 1899. 

VOL. n Y 
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detection of their remains among the sediments, and as main constituents 
of some of the varieties of cannel-coal (boghead). Fungi have also been 
detected on the leaves of ferns, Cordaites and other plants. Although the 
plants of the Carboniferous system are referable, in many cases, to still 
living types of vegetation, they presented many remarkable differences from 
these. In particular, save in the case of the ferns, they, much exceeded 

in size any forms of the present 
vegetable world to which they 
can be assimilated. Our modern 
horse-tails had their allies in 
huge trees among the Carboni- 
ferous jungles, and the familiar 
club-moss of our hills, now a 
low creeping plant, was repre- 
sented by tall-stemmed Lepido- 
clendra that rose fifty feet or 
more into the air. The ferns, 
however, present no such con- 
trast to forms still living. On 
the contrary, they often recall 
modern genera, which they re- 
semble not merely in general 
aspect, but even in their circin- 
nate vernation and fructification. 
With the exception of a few 
tree-ferns, they seem to have 
been low -growing plants, and 
perhaps were to some extent 
epiphytic upon the larger vege- 
tation of the lagoons. Some 

Fig. 401. — OarbonifexoTis Fern. ^ xt. 

Calymmatotheca (Sphenopterls) aflanis, Lindl. and Hutt. ^ ® COmmon genera 

are Bhacoptefi'iSy Calymmatotheca 

(Fig. 401), Sphmopteris (upwards of two dozen of species), JYeuropteris 
(a dozen or more species, lig. 402 a), Cyclopteris, Odontopt&ris^ Mariopte^is, 
Fecopteris (many species), Aleihopteris (Fig. 402 h)} There occur also 
the stems of tree-ferns {Megaphyton, Gavlopt&tis), 

Among the Equisetaceas,^ the genus Galamites is specially abundant. 
It usually occurs in fragments of jointed and finely-ribbed stems. 
From the joints or nodes of the stem numerous branches were given 
off, and numerous rootlets proceeded, whereby the plants were anchored 
in the mud or sand of the lagoons, where they grew in dense thickets. 
According to Dawson they seem to have fringed the great jungles of' 
Sigillarise, and to have acted as a filter that cleared the water of its 
sediment and prevented the vegetable accumulations of the coal-swamps 
from admixture with muddy sediment. To the foliage of Calamites 



^ For an essay on the morphology and olassification of the Oarboniferous ferns see B. 
Star, Sitzb, Akad. Wim. Ixxxvi. (1883). 

2 On Carboniferous Calamaries, consult Weiss, AhJu Geol, B^ecmlkarU Preussen^ v. 
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different generic appellations have been attached (Fig. 403). The name 
CalamocladiLS {Astmjpliyllites) is given to jointed and fluted stems with 
verticils of slim branches proceeding from the joints and bearing whorls 
'of long, narrow, pointed leaves. Amularia has the close-set leaves 
united at the base. Galwrmdendron is believed by some botanists to be 
the cast of the pith of a woody stem belonging to some unknown tree, by 
others it is regarded as only a condition of the preservation of Galamites, 
Some examples of the fructification of the calamites have been met with. 
Of these Fofhocites has been found attached to Astefrocalamites, Stack- 
amiulwiia is probably the cone of Annularki, while others, known as 
Volhrmnnia^ Galamdachys and Macrostachya^ are probably the fructification 
of calamites. Spkenophyllum is the name given to a genus of plants in 
which the leaves are borne in whorls of six, or some multiple of six, 
and are wed^e-shaped. 

The Lycopods (Fig. 404) were distinguished by the leaf-scars on their 
dichotomous stems. Their branches, closely covered with pointed leaves, 
bore at their ends cones or spikes {Lypidosh'olms) consisting of a central 
axis, round which were placed imbricated scales, each carrying a spore-case. 
Of the type genus Lepido dendron there are many species ; other genera 
are Le^pidophhios, and Bothrodendron, 

Afnong the most remarkable trees of the Carboniferous forests were 
the Sigillarias, which are believed to have been akin to the Lepido- 
dendra. The genus Sigillaria was distinguished by the great height (50 
feet or more) of its trunk, which sometimes measured five feet in diameter. 
Its stem was fluted (Fig. 405), and marked by parallel perpendicular 
lines of leaf-scars. The base of the stem passes into the roots known as 
Stigmaria, the pitted and tuberculed stems of which are such common 
fossils (Figs. 405 b, and 406). There can be little doubt, however, that 
Stigmmia was a form of root common to more than one kind of tree. 
The genus Goi'daites belonged to a type of tree which had affinities both 
CO the cycads and to the conifers, but was very different from either. It 
attained a great profusion in the time of the Coal-measures. Shooting up 
to a height of 20 or 30 feet, it carried narrow or broad, parallel-veined 
leaves, somewhat like those of a Yucca, which were attached to the stem 
by broad bases at rather wide distances, and on their fall left prominent 
leaf-scars. It bore catkins which ripened into berries not unlike those of 
yews (Gardiocarpis) (Fig. 408). Both of these forms of fructification 
occur in great abundance in some bands of shale. Other fruits of un- 
certain parentage are named, EliabdocarpuSy Carpolithus, and Trigonocarptis, 
The latter has been supposed to belong to some member of the 
Cordaitacese, somewhat like the fruit of the living Gmkgo (Salisburia). 

Large stems having a well-preserved internal structure have been 
preserved in the sandstones, where they occur as drift-wood, perhaps 
from higher ground (Fig. 407). Some of these ancient trees are from 
50 to 70 feet in length. They have been grouped under the generic 
names Galamopitys, Pitys, and Dadoxylon, and their pith-casts have long 
been known as Sternbergia or Artesia. Recent research has shown that 
these stems belong to the Cordaitacese, and that while their structure is, 
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a 

pMg. 404.—- Carboniferous Lycopods. 
a, Lepidodeiidron (J) ; h, Lepidostrobus, uat. sizp. 


of the characters of the Cycadoficales.^ There would appear to have been 







Fig. 406 — Stigmaria with attached rootlets. 


supposed to be proved by the discovery of a number of spikes, referred 
to the living order of Aroideae {Potliodte$\ in the lower part of the 
Carboniferous system of Scotian^ until Mr. K. Kidston showed that 
















Fig. 407.— Tree-trunk (PItys Withami, Lind. Hutt.) imbedded in Sandstone, Onugleith, Edinburgh 

(after Witham). 


the specimens are the fructification of AsterocalamUes scrobiculatuSy a genus 
of Calamite.^ 

^ Amu Mag. Nat. Hist. May 1888, p. 297. 
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The animal remains in the coal-bearing part of the Carboniferous 
rocks are comparatively few. As already stated, certain bands of shale, 
coal, and ironstone in the lower half of the Coal-measures afford 
undoubted proofs of the presence 
of the sea by the occurrence of 
some of the familiar shells of the 
Carboniferous Limestone. But 
towards the upper part of the 
Coal-measures, where these marine 
forms almost entirely disappear 
(among their last representatives 
being species of Lingula and 
Orbiculoidea), other mollusks, that 
were probably denizens of brackish 
if not of fresh water, occur in 
abundance. Among the more 
frequent are Ardlvrticomya^ Carboni- 

cola (Anthracosia), and Naiadites Fig. 408.-Tnflorescence with Cardiocarpus. 
{Ardlimcoptera)} Arthropods are 

represented by vast numbers of ostracods (Bairdia^ Beyiichia, BytJiocypriSi 
Garbonia, Cytherelhy Lep&i'ditia) ; by a few phyllopods (Estlieria, Leaia) ; 
phyllocarids (Dithyrocaris, Acantlwcam) \ schizopod crustaceans (Anthror 
jyalmion, Fig. 397 ) ; and eurypterids {Eurypt&i'us, Qlyptoscorpim), Fishes 




Fig. 400.<-Ooal*iueasare Fishes. 

A, Chelrodus granulosus, Young, after Traquair; b, tootli' of Strepsodus sauroides, BInnoy, sp. 


are found frequently, remains of the larger kinds usually appearing in 
scales, teeth, hn-spines, or bones, while the smaller ganoids are often 
preserved entire. Common genera are Ctenodus, VronemuSy AcanthodeSy 
RhizoduSy Streypsodus (Fig. 409, b), MegalichthySy ElonichthySy BhadmichthySy 

^ Dr. Wheelton Hind on Oa/rhonicola, Antli^aaomyay and Ntiiadites, Palaontograph Soo. 
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KemiitoptjjcUus^ Gonatoclus, Eurymtiis, Clieirodus (Fig. 409, a), Ctenacmithns, 
GyracmtJmSj PleumcanfhU'Sy and Ctenoptychius. 

The presence of true air-breathers among the jungles of the Carboni- 
ferous period has been established by the discovery of numerous specimens 
of arachnids, insects, myriapods, pulmonate mollusks, and labyrinthodonts. 
According to the census of Mr. Scudder there were known up to 1890 
no fewer than 75 species of Carboniferous 
arachnids.^ Scorpions (Eoscorp-m) have been 
found both in Europe and America, and have 
been obtained in great numbers, in excellent 
preser\^ation and of gigantic size, in the Lower 
Carboniferous rocks of Scotland (Fig. 410). 
Other arachnids occur, including ancient forms 
of spider (Protoli/com). Myriapods, of which 
upwards of 40 species have been determined, 
were represented by various plant-eating milli- 
pedes {XijlohiuSy Archiiihis, Euphoheria). Tiue 
insects likewise flitted through these dense 
jungles. Mr. Scudder's census of 1891 con- 
tained 239 species of orthoptera, 109 of 
neuroptera, 17 of hemiptera and 11 assigned 
to coleoptera. M. Charles Brongniart, in his 
great Monograph published in 1894, enumerated 
Fig. 4io.-carboniferous Scorpion, as having been found in the Carboniferous 

^ Commentry Coal-field 

Scotland. 01 Oentral i ranee, upwards of 40 genera of 

neuroptera, and 19 of orthoptera. But these 
numbers are continually on the increase. Thus the number of 
known Palaeozoic genera of cockroaches, the predominant insects, 
in the year 1879 was 58, and in 1893 amounted to 193.^ The 
C^boniferous insects included ancient primitive forms of cockroach, 
cricket, and beetle. It is remarkable that from some coal-fields hardly 
a single trace of insect life has been obtained, while in others great 
numbers of specimens have been brought to light. A variety of forms 
has been found in the Saarbriick Coal-field; but perhaps the greatest 
number of individual specimens has come from that of Commentry, which 
up to the end of the year 1884 was computed to have furnished not less 
than 1300 indmduals. Some of the insects were of considerable size. 
Thus the orthopterous Arclimoptilus from the Derbyshire Coal-field had a 
spread of wing of perhaps fourteen inches or more; and a species of 
Pictymieura (D, Mmyi) had a wing about 12 inches in length. Others 
were remarkable for the vividness of their colouring (Brodia)^ the markings 
of which are still recognisable in the fossil specimens. One of the most 
singular f^toes yet observed among these ancient insects is the union in 
the same individual of types of structure which are now entirely distinct. 

^ n. U.S. G, 8, No. 71 (1891). The number has since been increased. See the later 
synopses of Dawson and Brongniart quoted below. 

® Scudder, R. U.S, O. 8, No. 124 (1895), p. 21. 
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M. Ch. Brongniart has shown that wings which were admittedly neuro- 
pterous, and were referred to the genus Dictyoneura, were really attached 
to bodies which are unquestionably orthopterous,^ 

An interesting discovery was made by Lyell and Dawson in 1850 
when they found that the erect fossil trees in the coast-section of Car- 
boniferous strata, South Joggins, Nova Scotia, decayed in the centre 
while still standing, and have consequently preserved in their interior 
remains of some of the air-breathers of the time. Since that time the 
progress of research has brought to light a large number of specimens 
which, at the last census published by Dawson in 1894, included 26 
species of vertebrates, 33 of arthropoda (insects, scorpions, and myria- 
pods), and 5 of pulmonate mollusks. The insects comprise species of 
cockroach {Archimylams, Mylacris, Fetrablattina), mayfly {Plutejphpm£ra), 
and stick-insects (Haplojphlehimi). The vertebrates are all small anaphi- 
bians, which probably crawled into the hollow tree-trunks to die. The 
pulmonate shells were land-snails {Demlropuy^a^ Fyramidvla, Arclmozonites)r 
The earliest known amphibia appeared in Carboniferous times, and, so 
far as known, all belonged to the order Stegocephalia*(Labyrinthodonts, 
&c.).^ They had a salamander-like body with relatively weak limbs 
and a long tail. Sometimes the limbs seem to have been undeveloped, 
so that the body was serpent-like. The head was protected by bony 
plates, and there was likewise a ventral armour of integumentary 
scales. The British Carboniferous rocks have yielded about 20 genera 
(AnthramaunLSi Loxomma, OpUdeiyetm, Fholideiyeta)i, Fteroplax, Em^Or 
tefi'petan, Uroco7'dylus, &c.). These wore probably fluviatile animals of 
predaceous habits, living on fish, Crustacea, and other organisms of 
the fresh or salt waters of the coal-lagoons. The tree trunks of Nova 
Scotia above alluded to have furnished 9 genera of small, no doubt 
terrestrial, forms (Hylatwmus, Eylerjteton, JDeiidrm'petm), The larger 
amphibia of the time are believed to have measured 7 or 8 feet in 
length j some of the smaller examples, though adult and perfect, do not 
exceed as many inches.^ The coal-field of Bohemia, which may be in 

^ Oh. Brongniart, B, S. (J, F. (3), xi. p. 142 ; * Recherclies pour ser\'ir h, I’histoiro des 
Insectes Fossiles des Temps Primaires,* 2 vols, quarto, St. fitienne, 1894. Scudder, Geol 
Moff. 1881, p. 293, 1896, p. 10 ; Mem-. Boston, Boa. Fat, Hist, iii. (1883), p. 213 ; Ftoc, A'im', 
Acad. 1884, p. 167 ; B. U. S, G. S. Nos. 81, 69, and 124. H. Woodward, Q. J. G. S. 1872, 
p. 60. J. W. Dawson’s “ SjTjopsis,” cited in the following note. Tlie student interested in 
the study of fossil insects will find Mr. Scudder’.s Bihliograpliy of the subject, B. U. S. G. S. 
No. 71, a valuable book of reference. 

® Lyell and Dawson, Q. J. G. 3. ix. (1863), p. 68. J. W. Dawson, “Synopsis of the air- 
breathing animals of the PaUeozoio (rocks) in Canada up to 1894,” Tra7is, Jioy, Qanada. 
1894, sect. iv. pp. 71-88. The list includes a few examples not obtained from the tree 
trunks, and £:om Cape Breton and Pictou, likewise a small miinber of arachnids and insects 
from the so-called “ Devonian ” plant-bearing strata of St John, N.B. The latter, as has 
already been pointed out, are claimed by pedseobotanists as undoubtedly belonging to the 
Coal-measures. 

® See British Museum “Catalogue of Fossil Reptilia and Amphibia,” Part iv. by R. 
Lydekker, 1890. 

^ Miall. Bnt, Assoc, 1873, 1874. 
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pa.i*t Permian, has furnished a considerable number of genera and species 
of labyrinthodonts and fishes.^ Marsh has described a series of foot- 
prints from the middle Coal-measures of South-eastern Elansas, some 
of which, he thought, were probably amphibian, others lac'ertilian or even 
deinosaurian. The most abundant of the larger prints have four toes on 
both fore and hind feet, while in another type the fore-feet had five toes 
and those behind only four.- 

It has been hitherto the general experience of geologists that fossil 
plants do not serve so well for purposes of geological classification as 
fossil animals (pp. 832, 839, 848).^ But there can be no doubt that 
certain broad stratigraphical subdivisions may be based on the evidence 
of plant remains, and the attempts in this direction that have been made 
in recent years with regard to the stratigraphy of the Carboniferous 
system, encourage the hope that when the fossil floras are more minutely 
investigated they may afford valuable assistance in stratigraphical 
determinations. It is nearly half a century since Geinitz (1856) dis- 
tinguished five zones in the German Carboniferous formations, each 
characterised by its own facies of vegetation. 1st. The Culm with 
Lepidodendrm veltlieimianum, Oalamites tmusitionis,^ followed by the remain- 
ing four zones, which comprise the productive Coal-measures ; viz. 2nd, 
the zone of Sigillarias ; 3rd, the zone of Calamites ; 4th, the zone of 
Annularia; and 5th, the zone of Ferns.® Twenty years later Grand* 
Eury gave a much more elaborate classification of the Carboniferous 
system of Central France, according to the succession of vegetation, as 
shown in the following table — 

Siipra-Carboniferous Flora, simpler and less ricli than that below, showing a 
passage into the Permian flora above, characterised by a rapid diminution of Alethoptcris, 
Oclontopteris xmopteroides, Dictyopteris^ Annularici^ Sphenophylhim, The Calnmites are 
represented by abundant individuals of C. varians and G, Buckowi% also AsterophylUtes 
egpjbisetiftymvis; the ferns by Pccopt&ris cyailieoideSj P. liemitelioides, Odontoptei'is minor, 
0, Schlotkewiii, several species of NeiiropUpis, &c.; the Sigillarias by Brai'dii, S. 
spiTuiUosa, and Stigmaria ficoides ; OordaUes by numerous narmw -leaved forms ; the 
Calamodendra by a prodigious abundance of some species, e.g. Calmnodendran biatnatum, 


^ 0. Feistmantel, Arcliiv, RaUmo, lAvndesdurchforsch, BOhm&n, v. No. 3 (1883), p. 52 ; 
and especially the great monograph of A. Fritsch, “ Fauna der Gaskohle Bdhmens,” 1879 
and subsequent years. 

2 Anier. Joum, Sd, xhdii. (1894), p. 81. 

® Some palieobotanists, however, hold a contrary opinion. See, for instance, Mr. Kidston, 
Proc, Roy, Phys. 8oc, Edin. sii. (1893), p. 184. Possibly the reason for the prevalent belief 
is to be found, as he suggests, in the fact that fossil plants have been less fully studied than 
fossil animals, especially from a stratigraphical point of view. 

^ Now known as AsterocaUiiiiites scrobimdatits. 

® * Geognost. Darst. Steink. Sachsen,’ 1856, p. 83 ; * Die Steinkohlen Deutschlands,* 1865, 
i. p. 29. 

^ * Flore Carbonifere du D(Spartemeut de la Loire et du Centre de la France,’ Cyrille 
Grand’ Bury, Mem, Sav, Etrangers, xxiv. (1877). This table is here given as the fullest 
available synopsis of the classification of the Carboniferous system of a single country on the 
basis of fossU plants. But further and more extended research is required before a scheme 
of arrangement can be perfected that may be capable of general application. 
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Catamites cruciutiia, ArthrqpUtis sithcommunis ; the conifers by Walckia piniiformis and 
some others. 

Upper Coal Flora (properly so called). — Oalamites often abundant — CatamMcs 
i'^TTuptus, C, Suckowiif Q, caniucfomiis, C. cni-ciatiLS, AsterophyllUes hippuroides, 
Mam'QStmkya infmydibuliformAs (very common), AnnulaiHa bremfolia, and A. Imgifolia 
(common throughout), Sphenophyllum dblongifolium. Ferns richly developed, par- 
ticularly of the genera (P. unita^ argutaf polymorpha, and especially 

Schlotheimii) ; OdtmU^teris (0, reicihiaiui, Brardii, mu‘ 07 ieiira, a^ 7 iqpteroides, the last 
extremely abundant); Caulopteris oiiaci'odisciis, Aleihopteris Ora^idmi in gi'eat profusion, 
CallipUridium {0. ovcUum., gigas, densifotia, common). Lepidodendra have almost 
disappeared ; Sigillarim are not uncommon {B. rhitydolcpis, S, Brardii), with Stig^ 
mariopHiS and S\fnngode7ulT(yiu Cordaites occurs in great abundance ; the conifers are 
represented by WalcJiia piniforr}ii3 and a few other species. 

Upper Coal Flora (Lower Zone, Flore du terrain lioidlUr sous-supinmre ). — 
Oalamites and Asterophyllites abundant in individuals and species [C. SueJeomi, Cistii, 
cannmfonniSj variants, ap2y>'0‘iiwiatU8, A. odgidus^ giundis, hippur aides), Annularia 
radiata, Sphenophylhm. Among the ferns there are few true sphenopterids, but 
Aeatroptem is common (AT. fiexTwsa.^ awricnlata), also Od&ntopt&ris {0. reiahiana, 
Sehloausimii), Peeqpterii (J>. arlorescem, puleltra, oandoUiam, vUlosa, oreoptcridia, 
cretivjata, aspid<ndea, elegans), Oaidopteris, Psaronius. Lepidodendra are few (i. Siem- 
hergii, degam, Lepidoslrdma sub-mi-iahau, LepidapUoim larieivm, Knorria HfUoni, 
Lepmphylhm mnjm). Sigillarioid forms are likewise on the wane when compared 
witli their profusion below (Sigillwria eUiptica, aamdollii, tessdlafn, elegans, grasiana, 
JBrardu, spiniUosa; Syringodendron eydostigma, disians; Stigmariafieoides abundant). 
Cmlaites, however, now becomes the dominant group of plants, but with a somewhat 
different facies from that which it presents in the middle Ooal-measpres [0. horassifblim, 
6. prvi^palis, Dadoxylmi Srandlingii, Cardioearpus emargi/imliis, Otttbieri, major, 
ovatus). Oalamites erudatus makes its appearance, also Wakliia pimfwmis. 

Middle Coal Flora (Upper Zone, Supra-moyame). — Oalamites numeroue (C. 
Suel^h, Oistii, camtefornUs, ramemts; AsterophyXlUes folUmm, Xongifolim, gremdis, 
rigidus; AmmlaHa miimta, brevifolia; SplumopJiylhim saastfragitfolietert, Sdilotkeimii, 
majm. Ferns represented by Uphemoideris {S. laiifolia, irreg^ilaris, trifoliu. 
im, ens^, &c.). Prepeeqpteris (maximum of this genus), PcenpteHs (P. alln-eviata, 
Cksiii, oreopteridia, &o.), CauZopteris, J/mropterls, aud other genera. Lepido- 
dento are not infrequent {Lepidodendron, adOecUmm, Idtenibergii, degam, rimonm; 
L(^p%dostrolms varUmis; LepidopMoios larieimis, LcpidgphyUum mentis), and various 
I/yeopodites. The proportion of SigUlaria is always large (5'. Omid, intermedia, Silli- 
mmm, temlUUa, eyelostigma, alterrmw, BrongnUvrti, Stigmaria ficoides, minor). 
P^osi^llaria a abundant, especially P. monostigma. Omlaitcs appears in some 
places abundantly (U. Im-assi/oUm, Artesia tramnersa, Oladiseus sdinorrimius), and its 
varied {Cardioearpas cowarginadut, mi/lenlcmis, mxttus). 

Middle Coal Flora (properly so oallad), characterised above all by tlie dominaJit 
place of the Sig^Iarioide, which now surpass tho lepidodendroids and foi-m the main 
mass ot the coal-seams. The genus SigUlaria hero attains its maximum development 
{S. Oroesm, ayiusta, s^laia, intermedia, elongata, nolala, aliermns, rugosa, reeti- 
Jor^, l^ldvm, and many more ; PsaudosigUlaHa striata, rwum, mmosHgma: 

are large and frequent {L^idodmdrm 
ohona^, emdatum, rinmvm, Stenibergii, elegmis; Lspidophloios laHeinus; 
o^lrm mwMis; ffalotvia MerenOata, tortmsa, regiOaris; Ltpidophylhm 

W; JAp^dms m^hilis). The feme are abundant and varied; the sVenop- 
^ species, of which Splumqpteris BCoeninglmcsH and tenella are common 
tenuifoHa, rigida, furcata, ekgans); Amopteris is very 
MantdU, Tuterophylla) also Lmdu^terU Brieii and L. 
bh It. Prepecoptena, Peeopteris, Itegbphyton, Neuropteris (frT. ftexuosa, Zoskii, tenui- 
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folia, gUjantca), Cyeloptens, Atilacopterls. The calamites are widely diffused and 
abundant, especially Calamites dtihkis, wndulatus, ramosiis, decoratus, SUinhaueri ; 
Asteraphyllitcs subhippuroidcs, gi^andis, loiigifolvus ; Volhnannm Unn&yana; Sphmo- 
phjUum seems here to reach its maximum, characteristic species being S. emarginalmi, 
saxifragsfoliuni, erosum, dentatum, Imncattcm, SchlotJieimii* Some coals and shales 
abound with Gardiocarpus, also Trigonocarpus, and NQggeratMa. 

Middle Coal Flora^ — (Lower Zone, Flore hmilUre som-moye'ime ). — Lepidodendroids 
are characteristically abundant and varied {Lepidodemiron cueuleatmn, obovatmi, crenaium, 
Haidingeri, und%latum, longifolium; and Lepidophloios laridnus, mtermedius, crassi- 
cmilis; Ulodendron, abundant in England, 27. dichotoinum, pumtatum, majus, minus, 
&c.; Halmvia toHuosa, regularis, &c.). Sigillarioids are numerous {Sigillaria oculata, 
elegems, scutellaia, elongata, mamillai'is, alveolaris, rmiformis; Stignmria fcoides, 
minor, stellata, reticulata; DUtyoxylem, Lyginodc7idTon). Calamites abound (C. can- 
nseformis, SucTcowii, Cistii, decoratus, approxwmtiLs ; AsterophyllUes svFhippwoides, 
longifolius; Volhinannia polystachya). Ferns likewise form a notable part of the flora 
especially splienopterids {Sph&noptct'is latifolia, acutifolia, clegans, dissecta, furcata* 
Gravenlimtii, nerrosa, onwricata, obtmiloba, trifoliata); also Jhrepecopteris silesiaca, 
odryphylla, Glocheri, dentata; Megaphyton majus ; Pecopteris ophiodermatica and other 
similai’ forms. The nonropterids become abundant {Neuropteris heterophylla, Loshii, 
gigantea, t&nuifolia; Gyclopteris obligua; Alethoptetds lonchitica, &c.). The abundant 
Gordaii.es of the higher measures are absent, though the fruit Garpolitlius occasionally 
occurs. 

Infra Coal-measure Flora — (Millstono gi*it, Vitage infra-houiller), 
essentially by lepidodendroids and stigmarias. — Lepidodesulrmi acxdeatum, obowium 
crenaium, hremfolium, caudatmn, carinatum, rimosu/m, volhmanniashum ; Ulodendrm 
punciatum, ellipiimrn, majus; Halonia tuberculosa; Lepidopldoios iniemnodim, laHcinus. 
Sigillaria is not very common, but S, omloia, alveolaia (Steim.), Knorrii, tHgma, 
minima, and other species occur. The ferns are more varied than in older parts of the 
system, sphenopterids being the dominant types {Splienoptei'is distans, clegans, tridaety- 
lites, furcata, dissecta, rigida, divancaia, linearis, acutiloba, &c. ). The genus Pecopteids 
is represented by a few species. N&wropteris is comparatively rare {N. Loshii, tenuifolia), 
AUthopteris appears in the widespread species A, Imichiiica, and a few others. Calamites 
are not relatively abundant {Calamiites undiilatus, Stcinhau&td, commums, cannseformis, 
Gistii; Asterophyllites foliosus, &o.). 

Flora of the Upper Greywaoke. — Lepidodendroids are the prevalent forms 
[Lepidodendroncarvuttum, polyphyllim, mlTcmmmianvm, rugoswm, camdaium, amleaium, 
obovaium ; Ealonia tetrasticha, regula/ns ; UlodcndroQi ovale, commutatum). Stigrrmna 
in several species occurs, sometimes abundantly ; but Sigillaria is rare (^S'. usidulata, 
Voltdi, costata, subelegans, venosa, Gueremgeri, vemeuilla/na), Calamites are not in- 
frequent (G, Roemeri, VoUsii, cannseformis, &c.). The ferns are chiefly sphenopterids 
{Sph&nopteris dissecta, clegans, Gersdorjii, ddatans, tridactylitcs, schistorum; Gyclopt&ris 
tenuifolia, Haidingeri, flabellata ; Prepecopteiis aspera, suMcntata ; Neuropteris hetero- 
phylla, Loshii), 

Flora of the Culm, characterised by tbe abundance of lepidodendroids of the type 
of L. veltheimiamm (with Knorria imbricata), by the number of Bomia tramsiiionis, 
associated with GaZamites Boemeri, Stigmaria ficoides (and other species), and by the 
abundance of the paJseopterid ferns {PalseopteHs Mashaneti, asdigua, dissecta, Calym- 
matotheca {Sph&nopteris) affinis (Fig. 401); Gardioptcris frondosa ; Bhodea divaricata, 
elegans, moravica; Sphenoptem Gbpperti, Schimperi, &c,). 

Carboniferous Limestone Flora. — ^The palseopterid ferns reach a maximum 
{Balseopteris iiioegiiilctiera, liiidseseformis, polymorpha, froivdosa, GalymmaioUheca aff/nis), 
Sphenopterid forms are found in Sphefn/pteris bifida, Icmceolata, cmfertifolia. The old 
genus GyeZostigma here disappears (U. minuta, NaZhorstii), The more characteristic 
lepidodendroids are Lejiidodexidroxi weikianum, veltheimiamim, sguemosum; Knorria 
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imbrkataf adctilans. The flora incluiles also Stigmarm ficoides^ rugosa ; Bornia tran- 
sit Urnis ; AsterophyllUes elegans^ &c. 

This subject has increasingly engaged the attention of palseobotanists 
during recent years. The late D. Stur, whose labours in the Carbonifer- 
ous flora were so fruitful, correlated the Carboniferous system of Britain 
with that of Central Europe mainly by means of the plants. He regarded 
the Coal-measures of Wales and the west of England generally as 
equivalent to the higher series of Germany, those of central and northern 
England and Scotland as equivalent to the lower series, both of these 
series being represented in Lancashire.’- The question has since been taken 
up with much zeal and success by Mr. Kidston, with reference to the 
British Carboniferous flora, and he is still engaged in the investigation. 
A preliminary statement of his results was published by him in 1893, to 
which further reference will be made in the sequel.^ Mr. D. White has 
likewise insisted upon the stratigraphical succession of floras in the 
southern anthracite coal-field of Pennsylvania. He thinks that the plants 
of the Pottsville Formation in that field “ exhibit a rapid development 
and series of changes or modifications, which if treated with great 
systematic refinement are of high stratigraphical value.” ^ 


§ 2, Local development. 

The European development of the Carboniferous system presents ceitain well- 
marked local types, which bring clearly before the mind some of the successive 
geographical features of the time. During the earlier half of the Carboniferous period, 
there still lay much land towards the north and north-west of the present European 
area, whence a continuous supply of sandy and muddy sediment was derived. A sea of 
moderate depth and clear water extended from the Atlantic across the site of Central 
Ireland, the heart of England and Belgium into Westplxalia. The southern margin of 
this ancient Meditermnean was probably formed by the ridge of older Palaeozoic and 
crystalline rocks, which, extending from the west of England into the Boulonnais, and 
from Brittany into Central France, sweeps eastward by the uplands of the Ardennes, 
Hundsriick, Taunus, and Thuringer Wald into Saxony and Silesia. In the deeper and 
clearer water, massive beds of limestone accumulated ; but towards the land, at least on 
the north side of the sea, there was an increasingly abundant deposit of sand and mud, 
with occasional seams of coal and sheets of limestone. The whole region underwent 
slow subsidence andinfllling of sediment, until at last vast marshes and jungles occupied 
tracts that had been previously sea. By degrees, the lower parts of the surrounding 
land were likewise submerged beneath the accumulating coal-growths, which conse- 
quently spread over the sinking areas. Hence, while across the central portions of the 
Carboniferous region the normal succession of strata presents a lower marine division, 
consisting mainly of limestone, and an upper brackish-water division, composed of sand- 
stones, shales, and coal-seams, the marginal tracts show hardly any limestone, some of 
them indeed, as in Central France, containing only the highest part of the upper 
division. 


1 Jafwh, K. K. Gecl, Reichsanst, 1889. 

*•* Trans. Roy. Soc. Edin. xxxv. (1890-91), pp.^ 68, 391 419 ; xxxvil (1893), p. 307. 
Proc, Roy. Phys. Boo. Min. xii. (1893), p. 219. 

3 mh Ann. R&p. U.S. Q. S. (1900), pp. 749-918. 
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The British Isles.^ — The general sequence just referred to is well illustrated in 
the structure of the Carboniferous tracts of Britain, which being sufficiently extensive 
to contain more than one tyi)e of the system, cast interesting light on the varied 
geographical conditions under which the rocks were accumulated. As the land, whence 
the chief supplies of sediment were derived, rose mainly to the north and north-west, 
while the centre of England and Ireland lay under clear water of moderate depth, the 
sea shallowed northwards into Scotland, and its bottom was covered with constantly 
accumulating banks of sand and sheets of mud. Hence vertical sections of the 
Carboniferous system of Britain differ greatly according to the districts in which they 
are taken. The subjoined table may be regarded as expressing the typical subdivisions 
which can be recognised, with modifications, in all parts of the countiy : — 

Upper series of red and grey sandstones, clays, and sometimes 
breccias, with occasional seams and streaks of coal and Spirorbis 
limestone. This group contains workable coals in the Bristol and 
Somerset (Radatock and Farrington), South Wales, and Forest 
of Dean fields, but in othc* •nart« 0 ^“ Ercjland is represented by red 
„ « , maaonrea ' shales without Workable c iN 1 on p. 1049). 

6, ^..oa • e -j or chief coal-bearing series of sandstones, clays, and shales, 

with numerous workable coal-seams (p. 1048). 

Lower Coal-measures or Gannister beds, — flagstones, shales, and thin 
coal-seams, with in some districte hard siliceous pavements 
(gannister). Many of the characteristic plants of the Middle 
Coal-measnres are here absent. 

I' Grits, flagstones, and shales, with thin seams of coal and occasional 

I layers of fossiliferons limestone and shale. The plants are 
o \r‘n + on J g^iierally scarce and badly preserved, but are of Coal-measure forms 
jynuston i specjfioally distinct from these of the strata below. The 

limestones are marine and the fossils contained in them are 
generally common to the Carboniferous Limestone below (p. 1047). 

f'Yoredalo Group of shales, limestones, and grits, passing laterally into 
the iliick limcstouu.s of the centre and south-west of England. 
The limestones and calcareous shales contain Carboniferous 
Limestone fossils. The dark shales and sandstones yield plants 
which can be distinguished from those of the true Coal-measures. 
The prevalent form is Le}nd,odfmA/r(ni *oeliJidmia7mm, ; 
dicksonioides, S, Linki', S» Gersdorji, 


^ For detailed information regarding British Carboniferous rocks and fossils the student 
may consult, among early works, Phillips’ ‘Geology of Yorkshire,’ 1886, and papers by 
Prestwich {Qedl, Tram, 2nd ser. v.), and Sedgwick (op. dt. iv. Q. J. 0. S. viiL Pwc. Geol. Soc. 
ii.). Of later date are memoirs by Binney (Q. J, G. 3. ii. xviix.) ; Kirkby (np, cit. xxxvi.) ; 
Davis and Lees, * West Yorkshire,’ 1878 ; G. H. Morton, numerous papers in Prnc. 
Liverpool Geol. ; Hull’s * Coal-Fields of Great Britain.’ The Merrmi's of the Geological 
Survey will be found to supply much detailed information for the various Carboniferous 
tracts of Britain ; see, for example, the “ Geology of the Yorkshire Coal-Field,” by Messrs. 
Green and Russell, “Geology of Flint and Mold,” by A. Strahan, and the Memoir on the 
South Wales Coal-field, of which several ports have appeared. 

The proposal to arrange the stratigraphioal subdivisions of the British Carboniferous 
system on the basis of a study of the zonal distribution of the fossil plants, has been 
supplemented by the endeavour to work out the same idea with reference to the animal 
remains, and some progress has been made in the subject. See Garwood and Marr, Geol. 
Mag. 1895, p. 650, also 1896, p. 46. Wheelton Hind, op. ci^.*1896, p. 265 ; 1897, pp. 169, 
205 ; 1898, p. 61. G. H. Morton, op. dt. 1897, p. 182. A committee for the consideration 
of the question has been appointed by the British Association, 1896, 1897, 1899, 

pp. 871-876. 
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Maclianehii and Arcliteopteris Tschm'mahit appear to be restricted 
1. Carboniferous to the Carboniferous Limestone series (p. 1042).^ 

Limestone Thick (Scaur or Main) limestone in south and centre of England and 
series Trp‘'n’'.fl. p?,‘>''iT‘cr no’-thwards into sandstones, shales, and coals with 

(ji'.ii:: 'i.r . corals, polyzoa, brachiopods, lamellibranchs), 
of which a more detailed account follows this table. 

I Lower Limestone Shale of south and centre of England (marine fossils 
like those of overlying limestone). Tim Calciferous Sandstone 
group of Scotland (marine, estuarine, and terrestrial oig.'Mii>iiis), 
which probably represents the Scaur Limestone and T-oaui- Lime- 
stone Shale, and graduates downwai*d insensibly into the Upper 
Old Red Sandstone, is described at p. 1042. 

1. Caebonipeeous Limestone Seiiies and local equivalents. — In the south-west 
of England, and in South Wales, the Caiboniferous system passes down conformably 
into the Old Red Sandstone. The passage beds consist of yellow, green, and reddish 
sandstones, green, grey, red, blue, and variegated marls and shales, sometimes full of 
terrestrial plants. They are well exposed on the Pembrokeshire coasts, marine fossils 
being there found even among the argillaceous beds at the top of the Red Sandstone 
series. They occur with a thickness of about 500 feet in the gorge of the Avon near 
Bristol, hut show less than half that depth about the Forest of Dean. At their base 
there lies a bone-bed containing abundant palatal teeth. Not far above this horizon 
plant-bearing strata are found. Hence these rocks bring before us a mingling of terres- 
trial and marine conditions. In Yorkshire, near Low'ther Castle, Brough, and in 
Ravenstonedale, alternations of red sandstones, shales, and clays, containing Stig'imria 
and other plants, occur in the lower part of the Carboniferous Limestone. Along the 
eastern edge of the Silurian hills of the Lake Distiict, at the base of the Pennine escarp- 
ment and round the Cheviot Hills, a succession of red and gi*ey sandstones, and gi*een 
and red shales and marls .with plants, underlies the base of the Carboniferous Limestone, 
It is highly probable, however, that those red strata form merely a local base, and 
occur on many successive horizons ; so that they should bo regarded not as marking any 
particular period, but rather as indicating the recurrence or persistence of certain peculiar 
littoral conditions of deposit during the subsidence of the land (p. 662). Farther north, 
in the southern counties of Scotland, the Upper Old Red Sandstone, with its character- 
istic fishes, graduates upward into reddish and grey sandstones with Carboniferous 
plants. 

In Devon and Cornwall a type of the Carboniferous system is found, which, though 
it does not occur elsewhere in Britain, has been ascertained to reappear and to have a 
wide extension in Central Europe. It xjresents a tliick series of well-bedded grits, sand- 
stones, shales, often dark grey, with occasional thin limestone and itidiolaiian cherts, 
and passes down conformably into upper Devonian strata. Though much contorted 
and faulted, like the Devonian formations of the same region, this arenaceous and shaly 
series has yielded a sufficiently large number of recognisable fossils to show its geological 
position. The xfiants resemble generally those found in the Calciferous Sandstone series 
of Scotland. The animal remains include species of Orthoceraa, Glyphiocera^ (Gcoiia- 
tUes)j ProleccMiites {GoniaMtes), Nomimweeraa {Gmmtitoa)^ PeHcycl%8 ifimiaiitoa), 
Posidonemya (P. BecherC)^ Cfhon&tes, Bpirifer {S, Urci), Producius (P. pliccdiis, P. 
c(mcentric/ii$)i Ortliia MiclisUni, Phillipaia, Gr^MAes^ Pronto, OaslaccMithiis cUgms^ 
Mmiichthys AUheftii, &c., an assemblage that also points to a position low down in the 
Carboniferous system. The siliceous hands or cherts, and some of the softer shales 
have yielded 23 genera of radiolaria.® This series of strata is known as the Culm- 

1 The plants here mentioned are given on the authority of Mr. Kidston in his paper in 
Ptoc. Boy, Pliys, Son, Min, cited above ou p. 1037. 

G. J. Hinde and H. Fox, Q. J, G, S. li (1895) ; Trans. D&oon. Assoc, xxviii. (1896), 
p. 774. Gen. McMahon, Geol. Mag. 1890, p. 106. 
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measures, and the name Culm has been adopted as the designation of this type of 
Lower Carboniferous rocks abroad. Bands of tuff, diabase, &c., mark contemporaneous 
volcanic activity during the deposition of the Devonshire Culm.^ 

In the south and south-west of England, and in South "Wales, the base of the 
Carboniferous system consists of certain dark shales known as Lower Limestone 
Shale, in which a few chax*acteristic fossils of the Carboniferous Limestone occur. 
The distinctive lamellibraneh is Modiola Macadamii. These basement beds vary up to 
rather more than 400 feet in thickness. They are overlain conformably by the thick 
mass of limestone, which in Britain and Belgium forms a characteristic member of 
the Cai*boniferous system. 

The name Carboniferous Limestone (or Mountain Limestone) was given by 
Conybeare to the thick mass of limestone which in the south-west of England is inter- 
posed between the Old Red Sandstone and the Coal-measures. As the geological 
structure of the country came to be more fully known, the limestone was found to pass 
laterally into sandy and argillaceous strata. The term Carboniferous Limestone Series 
is now applied to this division of the system, which attains its greatest thickness in the 
north, though the limestone there forms a subordinate part of the whole series. Towards 
the south, on the other hand, the limestone increases in dimensions till it practically 
constitutes the entire thickness of the series. In the Pennine chain, which forms the 
axis of the north of England, the Carboniferous Limestone series attains a thickness of 
nearly 4000 feet, yet this is not its entire depth, for its base is not seen. Of this great 
thickness the lowest visible 1600 feet consist of limestone. Traced southward this lime- 
stone increases in magnitude, till in the Mendip Hills it attains a thickness of about 
3000 feet Followed, on the other hand, towards the north, the calcareous part of the 
series diminishes in Scotland to a few thin seams of limestone, the main mass of rock 
consisting of sandstone and shale with seams of coal and ironstone. The Pennine 
chain appears to have been the area of maximum depression during the early part of 
the Carboniferous period in England. The great and rapid variations in thickness of 
the limestone may indicate inequalities in the downward movement, and perhaps to 
■some extent irregularities in the grouth of corals and the accumulation of calcai'eous 
debris. The great mass of 3000 feet of limestone in the Mendip Hills dwindles down to 
leas than 400 feet in the Forest of Dean, a distance of only some 30 miles. The thick- 
ness sinks at Abergavenny, in the east of Glamorganshire, to hardly more than 100 feet 
of thin seams of limestone and shale. Thirty miles to the south, at Bany, it has 
increased to more than 1000 feet, while only 20 miles farther west, at Porthcawl, it is 
estimated to be as much as 4500. The whole of the Carboniferous rocks of South 
"Wales thicken towards the south and west. It is therefore surprising to find that 
towards the western limits of the region the Carboniferous Limestone on the coast of 
Pembrokeshire disappears altogetlier,® and the Coal-measures come immediately next to 
the older Palseozoic rocks. This structure, however, is not improbably due to gigantic 
overthrusts, whereby the Carboniferous Limestone has been concealed. 

Where typically developed, the Carboniferous Limestone is a massive well-bedded 
limestone, chiefiy light bluish-grey in colour, varying from compact homogeneous to 
distinctly ciystalline in texture, and rising into lunges of hills, whence its original name 
“Mountain Limestone.” It is sometimes, especially near Biistol and along the north 


^ De la Beche, ‘(Jeology of Cornwall,* &c. Dssher, Oeol, Mag. 1887, p. 10; Froc, 
Somerset Arch. Eat. Hist. ^c. xxxviiL (1892), pp. 111-219. 

® De la Beche {Mem. Geol. Surv. i. p. 112) states that the limestone is there overlapped 
by the Coal-measures. But the complicated structure of the ground was not realised in his 
day. This region is now being mapped in detail by the Geological Survey, and its structure 
will soon be better understood. See the published maps and the successive Parts of the 
Memoir on the South Woles coal-field. 
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crop of tlie South "Wales coal-tiehl, distinctly oolitic^ and often contains occasional 
scattered ii-regular nodules and nodular beds of dark chert (phtanite).® Though it is 
abundantly fossiliferous, little has yet been done in working out in detail the success- 
ive life-zones of this great mass of rock, as lias been performed so well for the corre- 
sponding limestone series of Belgium.- Pi'oductus giganteus and P. cora have been claimed 
as distinctive of the thick limestone, but the former ascends far above that platform. 
Some of the other organisms certainly range through the whole of the Carboniferous 
Limestone series, even up into the Coal-measures, such as Producing seiniretiGidatuSn 
P. scahriculus^ Edmmidia riidia, Lithodomus {Modiola) Ihigualis and species of Lingula, 
indicating a long continuity of the same general geographical conditions. Some poiiions 
of the limestone are made mainly of bunches and sheets of coml {Lithostrotimi, Phillvgs- 
astrs&a, &c.), 'while solitary cup corals {Z€iplire'iiti8, Cyathophyllum, &c.) are often pro- 
fusely abundant. Many of the sheets of calcareous material consist almost entirely 
of the joints and broken stems of crinoids, mingled with valves of brachiopods and 
lamellibranchs, gasteropods and cephalopoda of the genera already enumeinted, -while 
occasional teeth and spines of the elasmobranch fishes are dispersed through the rock. 
Such deposits point to clear and moderately deep water, into 'which little or no ordinary 
sediment was carried from the land, but where a prolific marine fauna gradually built up 
masses of limestone hundreds or even thousands of feet in thickness. Mr. Tiddeman 
has described under the name of “reef -knolls** certain mound -like aggregations of 
calcareous matter, which he supposes to be partly of the nature of coi-al-reefs.^ 

On a weathered surface of the limestone the fossils commonly stand out conspicuously, 
as their more largely crystalline calcite enables them to resist the atmospheric influences 
better than the fine detrital material in which they lie. Even, however, limestones 
which may appear to the naked eye destitute of fossils and structureless, may be shown 
by the examination of thin slices of them under the microscope to be crowded with 
organic remains, both entire minute forms (spicules, foraininifera, radiolaria, &c.) and 
fragments of larger kinds. Diversities of colour and lithological character occur, 
whereby the bedding of the thick masses of limestone can be distinctly seen. Here and 
there, a more markedly crystalline structure has been superinduced ; while along lines 
of principal joints the rock on either side for a breadth of 20 or 30 fathoms is occasionally 
converted into yellowish or brown dolomite or “ dunstone ” (see p. 426). 

In England and in Ireland interesting evidence e.xist8 of submarine volcanoes during 
the time of the Carboniferous Limestone. In Derbyshire sheets of basalt-lava and tuff, 
locally termed “toadstone,” together with some volcanic vents filled with ag 

^ In Glamorganshire a band of white oolite 40 feet thick lies in the middle of the main 
limestone, while some parts of the lower limestone are also oolitic. 

2 The chert bands of the Carboniferous Limestone have been shown by Dr. Hinde to be 
largely composed of spicules of siliceous sponges, Oeol, Mag, 1887, p. 436 ; and ‘ British 
Palaeozoic Sponges,’ Pal. Soc. for 1887, 1888. He has also described similar beds from the 
Permo-Carboniferous rocks of Spitsbergen, Geol. Mag. 1888, p. 241. 

“ As examples of recent careful papers descriptive of the Carboniferous Limestone and the 
distribution of its fossils, reference may be made to two memoirs by the late G. H. Morton on 
the Vale of Chvyd and on Anglesey, Proc. Lvc&rpool QeoU fine. 1898 and 1901 ; and 
to the memoir by Dr. Wlieelton Hind and Mr. J. A. Howe, (^. J. O. 8. Ivii. (1901), pp. 
347-402. 

Brit. Assoc. 1889, p. 600 ; 1900, p. 740 ; Geol. Mag. 1901, p. 20. Mr. Karr regards them 
as probably due to local thickening os a consequence of rupture and overthrust {Q. J. G. 8. Iv, 
1899, p. 327 ; see also Lamplugh, op. dt. Ivi. 1900, p. 11). W. Hind and J. Howe, op. dt, 
Ivii. (1901), p. 361. The original reef-knolls described by Mr. Tiddeman from the Clitheroe 
district appeared to me to be due to the irregular aggregation of submarine organic debris 
in situ, though' I could not detect any true reef-structure. 

VOL. II Z 
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and tuff, mark one of the centres of eruption.^ Another is to be seen at the south end 
of the Isle of Man.‘^ A third ajipears in Somerset* (Fig. 384), and a fourth in Southeni 
Devonshire.^ Two wudely separated volcanic tracts have been found in Ireland, one in 
King’s County, the other, on a much larger and more diversified scale, in Limerick.* 
It is in Scotland, however, as will be immediately referred to, that the most remarkable 
proofs of abundantly active Carboniferous volcanoes have been preserved. 

In the Carboniferous areas of the south-west of England and South Wales, the limits 
of the Carboniferous Limestone are well defined by the Lower Limestone Shale below, 
and by the Farew'ell Rook or Millstone Grit above. In the Pennine area, however, the 
massive limestone passes laterally into a series of shales, limestones, and sandstones, 
known as the Yore dale Group.* These cover a large area and attain a great thick- 
ness. In North Staffordshire they are 2300 feet thick. In Lancashire they attain 
still greater dimensions, Mr. Hull having there found them to be no less than 4500 feet 
thick. Both the lower or main (Scaur) limestone and the Yoredale group pass north- 
wards into sandstones and shales with coal seams. In Northumberland, the Carboni- 
ferous Limestone series has been grouped into the following subdivisions : — 

Upper Calcareous group, from the base of the Millstone grit to the Great Lime- 
stone, 850-1200 feet. 

Lower Calcareous group, from the Great Limestone to the bottom of the Dun or 
Bedesdale Limestone, 1300-2500 feet. 

Carbonaceous group, Scremerston coals, from the Dun Limestone to the top of the 
Fell Sandstone, 800-2500 feet. 

Fell Sandstone, 500-1600 feet. 

Tuediau or Cement Stone group, 500-1500 feet. 

Basement conglomerate. 

These subdivisions are not all fully developed in any one district, but the average thick- 
ness of the whole is at least as great as in districts farther south. 

Traced northwards into Scotland, the Carboniferous Limestone series undergoes a 
still further petrographical and palaeontological change. Its massive limestones dwindle 
down, and are replaced by thick courses of yellow and white sandstone, dark shale, and 
seams of coal and fronstone, among which only a few thin sheets of limestone are to be 
met with. Scottish geologists have named the lower part of their Carboniferous system 
the Calciferous Sandstone series. It passes down conformably into the Upper Old 
Red Sandstone, and graduates upwards into the base of wkat is known as the Carboniferous 
Limestone series of Scotland. There can be no doubt, however, that it is really the strati- 
graphical eq^uivalent of the greater part of the Carboniferous Limestone of England, 
including both the Lower Limestone Shale and the Yoredale rocks.’ The Calciferous 
Sandstones present two distinct types of sedimentation. In the more usual of these, 
known as the Cement-Stone group, the strata consist of thin-bcdded white, yellow, and 


^ ‘Ancient Volcanoes of Great Britain,’ chap. xxix. and authorities there cited. H. 
Arnold Bemrose, Q. J, G. S. 1. (1894), p. 603 ; Iv. (1889), pp. 224, 239, 548. 

® J. Home, Trails. Gecl. Soc. Edin. ii. (1874), p. 332. B, Hobson, J. G. JS. xlvii. 
(1891), p. 432 ; Yn Lioar Mannimgh, Doiiglas, January 1892, p. 337. A. G., ‘Ancient 
Volcanoes of Great Britain,’ chap. xxix. The geology of this island has been worked out 
in detail by Mr. Lamplugh for the Geological Survey, and his memoir on the Geology of the 
Isle of Man is now in the press. 

* Summary of Progress of Geol, 8im\ for 1898, p. 104. 

^ De la Beche, ‘Report on the Geology of Cornwall,’ &c. (1839), p. 119. F. Rutley, 
“ The Eruptive Rocks of Brent Tor,” Mem. GecH* Surv. (1878). Q, J. G. S. xxxvi. (1880), p. 
286. General M‘Mahon, ojp. cit 1. (1894), p. 338. 

® ‘Ancient Volcanoes of Great Britain,’ chap, xxx., and references there given. 

* Dr. Wheelton Hind, Geol. Mag. 1897, pp. 159, 205. 

’ See W. Gunn, Geol. Mag, 1898, p. 342. 



CARBONIFEROUS SYSTEM 


1043 


SECT, iv § 2 

green sandstones, gi*ey, green, blue, and red clays and sbales, with thin bands of pale 
argillaceous limestone or cement-stone. Seams of gypsum occasionally appear. These 
deposits are, on the whole, singularly ban*en of organic remains. They seem to have 
been laid down with gi*eat slowness, and vdthout disturbance, in enclosed basins, which, 
as a rule, were not well fitted for the support of animal life, though occasional ostiticod 
limestones and other traces of organisms may be noted, w'hile fragmentary plants serve 
to show that the adjoining slopes were covered with vegetation. The cement -stone 
group in Central Scotland is overlain with an important volcanic platfom, to which 
reference will immediately be made, but in the southern counties a corresponding 
platform lies below it. The second type of the Calciferous Sandstones is well developed 
in the Lothians and Fife. It may there be seen lying upon the volcanic rocks that 
cover the normal cement -stone group, of the upper part of which it may be tlie 
equivalent. It is known as the Burdie House or Oil-shale gi*oup, and consists of yellow, 
grey, and white sandstones, with blue and black shales, clay -ironstones, limestones, 
“cement-stones,” and occasional seams of coal. The sandstones form excellent building 
stones, the city of Edinburgh having been built of them (p. 165). Some of the shales are 
so bituminous as to yield, on distillation, from thirty to forty gallons of crude i)etroleum 
to the ton of shale ; they have consequently been largely worked for the manufacture 
of mineral-oil. The limestones are usually dull, grey or yellow, and close -ginined, in 
seams seldom more than a few inches thick, and gi-aduato by addition of clay and' 
protoxide of iron into cement-stone ; but occasionally they swell out into thick lenti- 
cular masses like the well-known limestone of Burdie House, so long noted for its 
remarkable fossil fishes. This limestone appears to bo mainly made of the crowded 
cases of a small ostracod cmstacean {Lepcrditia OJceni^ var. scoto-bitrdigaleMis), The 
coal-seams are few and commonly too thin to be workable, though one (Houston coal) 
has been mined in Linlithgowshire and several others in East Fife. The fossils of 
the Burdio House gi’oup indicate an alternation of fresh or brackish water and maxine 
conditions. They include numerous plants, of which the most abundant are Oalym- 
matotheca \_8ph&tvoptCfii.s\ affinis (Fig. 401), Rh^optcris flalteUata, Sphmopteris pacliy- 
raehiSf S, hificla, LcpidodeMlron ‘volkniannUimimi, L, vcWieimiamim, Lepidosirdbus fim~ 
hriatus, Calamitcs^ SUg^naria JicoidcSt Araiicariouyylm, Ostracod crustaceans, chiefly 
the Leperditia above mentioned, crowd many of the shales. With these are usually 
associated abundant traces of the presence of fish, either in the form of coprolites, or 
of scales, bones, plates, and teeth. The following are charactoiistic ganoid species : 
EloniclUhys striolatiis, E, Rohiaoni, RJiadinicJUJi^ys m'^iatisdnvuSf NematoptycMm 
Crmiockiiy Eii^^'ynotfiis crmatits (Fig. 400), Wiiaodm JECM&i'tiy McgalichLhya sp. with 
the selachians GyramntImB /omosxw, Gallopristodm {OtoiwptycMiis) pcoiinatm and 
Tristidimis arcmtus. At intervals throughout the group, marine horizons occur, 
usually as shale bands marked by the pi*esence of such distinctively Carboniferous 
Limestone species as Spirorlis carbo7ia7-ins, OrbiciUoicha [Eisdna] nitida, Lhiyuht, 
sgua^niformisj Z. mytiloides, M%rchiso7via^ RelUi'ophm chGi(S8iit'u>s, OoniaiitnSf OrtJwcmts 
cyliTidrcuxfimi 0. mUatum. The marine bands increase in number in tlio East of Fife.^ 

One of the most singular features of the Lower Carboniferous x^ocks of Scotland is 
the prodigious abundance of iiitex’calated volcanic rocks. So varied, indeed, are the 
characters of these masses, and so manifold and interesting is the light they throw 
upon volcanic action, that tho region may be studied as a typical one for this class of 
phenomena. (See Book IV. Part VII. Sect, i.) Inland sections are abundant on the 
sides of the hills and in tlie stream-courses, while along the sea-shoro the rocks have 

^ For descriptions of the Calciferous Sandstone group, see Maclaren, * Geology of Fife 
and the Lothians ' ; also the Explanations to accompany the Maps of the Geological Survey 
of Scotland, particularly those on Sheets 14, 22, 23, 32, 33, and 34 ; the Memoir on Central 
and Western Fife (1900) and that on Eastern Fife (1902). T. Brown, Trains, J^y, Soc, 
Edin, xxii. (1861), p. 38^ Kirkby, Q, J. G, S, xxxvi. p. fiSP. 
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been admirably exposed. Two great phases or types of volcanic action during Cai*boui- 
feroiis time may be recognised : (1) Plateaux, where the volcanic materials, discharged 
copiously from many scattered openings, now foim broad tablelands or ranges of hills, 
sometimes many hundreds of square miles in extent and 1500 feet or more in thickness ; 
(2) Pays, where the ejections were often confined to tho discharge of a small amount of 
fragmentary materials from a single independent vent, and where, when lavas and 
showers of ash were thrown out, they generally covered only a small area round the 
volcano which discharged them.^ 

The Plateau type of eruption was specially developed duiing the deposition of the 
Calciferous Sandstones. Its lavas consist of augite-olivine rocks (picrites, limburgites), 
basalts, andesites, and trachytes, while its necks or vents are filled with agglomerates, 
felsites, and in East Lothian, phonolites. Sheets of tuff are intercalated among the 
bedded lavas. The Puy type was, on the whole, of later date, reaching its chief de- 
velopment during the time of the Carboniferous Limestone. Its lavas are mostly basalts 
of various types, together with limburgites, picrites, and diabases. Tuffs and ag- 
glomerates are abundant, not infrequently containing organic remains (Figs. 330-333). 

While the scattered vents of the puys, wdth their associated lavas and tuffs, occur 
on many horizons, the plateau-lavas occupy a tolerably definite position in the Oalci- 
ferous Sandstones, though sometimes confined to the lower part of that group, sometimes 
ascending to the very base of the Carboniferous Limestone series. This volcanic zone 
forms an important feature in the geology of Southern Scotland. Composed of nearly 
horizontal sheets of andesite, diabase, and basalt, it extends from the Clyde islands 
on the west to Stirling on the east, and sweeps ih high tablelands through Renfrewshire 
and Ayrshire. It reappears in East Lothian, and presents there some interesting and 
remarkably fresh traohytic lavas. In Berwickshire, Roxburghshire, and Kirkcudbright, 
the volcanic sheets already referred to intervene between the top of the Old Red 
Sandstone and base of the Cement stones, and extend across into the English border. 

The Carboniferous Limestone series of Scottish geologists, probably rei^resents 
the upper part of the Carboniferous Limestone of England. The main or Twelve-fathom 
limestone of Yorkshire, which lies not far below the Millstone grit, has been traced into 
the north of Northumberland. The continuity of the outcrops is then interrupted by 
the Silurian ridge of the Lammermuir Hills, but if the identification of the uppermost 
Yoredale limestones of Northumberland with the lower limestones of the Scottish aeries 
near Dunbar be correct, it will follow that the so-called “Carboniferous Limestone series’” 
of Scotland lies above the Yoredale rocks, and indicates a great northward development 
of the highest strata of the Carboniferous Limestone series of England.^ As represented 
north of the Tweed, this series consists mainly of sandstones, shales, fire-clays, and coal- 
seams, with a few comparatively thin seams of encrinal limestone. The thickest of these 
limestones, known as the Hiirlet or Main limestone, is usually about 6 feet in thickness, 
but in the north of Ayrshire swells out to 100 feet, which is the most massive bed of 
limestone in any part of the Scottish Carboniferous system. It is made of marine 
organisms, some parts being sheets of litliodendron coral. Together with the shales 
overlying it, it is the great repository of the marine fossils of the series. It forms one 
of a group of limestone beds at the base of the series, and lies upon a seam of coal, in 
some places associated with pyritous shales, which have been largely worked as a source 
of alum. This superposition of a bed of marine limestone on a seam of coal is of 
frequent occurrence in Scotland.® Above these lower limestones comes a thick mass of 

1 The volcanic geology of this region is fully discussed in my ‘Ancient Volcanoes of Great 
Britain,’ and in the Cfeol. Sure. Me7iioir8 cited on the previous page. See also antCj pp. 
749-753, 755-764. 

9 W. Gunn, QeoL Mag. 1898, p. 842. 

® For examples of remarkable alternations of marine and lagoon conditions, see OeoL 
Survey jjfiSwir, “Eastern Fife,,** 1902^. 
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strata containing many valuable coal-seams and ironstones (Lower or Edge Coals). 
Some of these strata are full of terrestrial plants {LcpidodendroUj JSigUlaria, Stigmarici, 
Sphenoptcri% Alethopteris) ; others, particularly the ironstones, and the shales associated 
with the limestones and ironstones, contain marine shells, such as Lingula, Orhiciiloidea, 
Nuculaiia [Leila), Myalina, Euomphalus, N umerous remains of fishes have been obtained, 
more especially from some of the ironstones and coals [Gyracanthiis formosus and other 
fin-spines, Megalichthys Eihherti, Rhizodus Hihlerti, with species of ElmiiehthifS, Acan- 
tJiodes, Ctenoptyehim, &c.). Remains of labyrinth odonts have also been found in this 
group of strata, and have been detected even down in the Burdie House limestone. The 
highest division of the Scottish Carboniferous Limestone series consists of a group of 
sandstones and shales, with a few coal-seams, and three, sometimes more, bands of 
marine limestone. Although these limestones are each only about 2 or 3 feet thick, 
they have a wonderful persistence throughout the coal-fields of Central Scotland. As 
already mentioned (p. 661), they can be traced over an area of at least 1000 square 
miles, and they probably extended originally over a considerably greater region. The 
Hurlet limestone, with its underlying coal, can also be followed across a similar extent 
of country. Hence it is evident that, during certain epochs of the Carboniferous period* 
a singular uniformity of conditions prevailed over a large region of deposit in the centre 
of Scotland. 

As above stated, a distinguishing feature of the Carboniferous Limestone series of 
Scotland is the abundance of its intercalated volcanic rocks of the puy type. They are 
well developed in the basin of the Forth and in North Ayrshire. The lavas and tuffs 
are interbedded among the ordinary sedimentary strata, and the tuffs are sometimes 
full of plants or of marine shells, crinoids, &c. (pp. 755, 766). The volcanic activity 
ceased before the time of the Millstone Grit. 

The difference between the lithological characters of the Carboniferous Limestone 
series, in its typical development as a great marine formation, and in its arenaceous 
and argillaceous prolongation into the north of England and Scotland,* has long been 
a familiar example of the nature and application of the evidence furnished by strata as 
to former geographical conditions. It shows that the deeper and clearer water of the 
Carboniferous sea spread over the site of the central and south-western parts of England ; 
that land lay to the north, and that, while the whole area was undergoing subsidence, 
the maximum movement took place over the area of deeper water. The sediment 
derived from the north, during the time of the Carboniferous Limestone, seems to have 
sunk to the bottom before it could reach the great basin in which foraminifers, corals, 
crinoids, and raollusks were building up the thick calcareous deposit. Yet the thin 
limestone bands, which run so persistently among the lower Carboniferous rocks in 
Scotland, prove that there were occasional episodes during which sediment ceased tc 
arrive, and when the same species of shells, corals, and crinoids spread northwards 
towards the land, forming for a time, over the sea-bottom, a continuous sheet of cal- 
careous ooze, like that of the deeper water farther south. These intervals of limestone- 
growth no doubt point to times of more rapid submergence, perhaps also to otlier 
geographical changes, whereby the sediment was for a time prevented from spreading 
so far. It is further deserving of remark that the fossils in these thin upper limestones 
in Scotland, though specifically identical with those in the thick lower limestones and 
in the massive Carboniferous Limestone of centml and south-western England, are often 
dwarfed forma, as if the conditions of life were much less favourable than where the 
thicker sheets of calcareous material were accumulated. The corals, for instance, are 
generally few in number and small in size, and the large Productiis [P. giganieiis) is 
reduced to a half or third of its usual dimensions. 

Viewed as a whole, the Carboniferous Limestone series of the northern part of the 
British area contains the records of a long-continued but intermittent process of sub- 
sidence. The numerous coal-seams, with their unde>-cl||^, may be regarded as surfaces 
of vegetation that grew in luxuriance on wide maiine mud-flats. They mark pauses ih 
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the subsidence. Perhaps we may infer the relative length of these pauses from the 
comparative thicknesses of the coal-seams. The overlying and intervening sandstones 
and shales indicate a renewal of the downward movement, and the gradual infilling of 
the depressed area with sediment, until the water once more shoaled, and the vegetation 
from adjacent swamps spread over the muddy flats as before. The occasional limestones 
serve to mark epochs of more prolonged or more rapid subsidence, when marine life was 
enabled to flourish over the site of the submerged forests. But that the sea, even 
though tenanted in these northern parts by a limestone-making fauna, was not so clear 
and well suited for the development of animal life duiing some of these submergences 
as it was farther south, seems to be proved by the paucity and dwarfed forms of the 
fossils, as well as by the admixture of clay in the stone. 

Ireland presents a development of Carboniferous rocks, which on the whole follows 
tolerably closely that of the sister island. In the northern counties, the lowest 
members are evidently a prolongation of the type of the Scottish Calciferous Sandstones 
and Carboniferous Limestone. In the southern districts, however, a very distinct and 
peculiar facies of Lower Carboniferous rocks is to be observed. Between the Old Red 
Sandstone and the Carboniferous Limestone there occurs in the county of Cork an 
enormous mass (fully 5000 feet) of black and dark-grey shales, impure limestones, and 
grey and green grits, which have been so affected by slaty cleavage as to have assumed 
more or less perfectly the structure of true cleaved slates. To these rocks the name of 
Carboniferous Slate was given by GriflSth. They contain numei*ous Carboniferous 
Limestone species of brachiopods, echinodenns, &c., as well as traces of land-plants in 
the grit bauds. Great though their thickness is in Cork, they rapidly change their 
lithological character and diminish in mass, as they are traced away from that district. 
In the almost incredibly short space of 15 miles, the whole of the 5000 feet of 
Carboniferous Slate of Bantry Bay seems to have disappeared, and at Kenmare the Old 
Red Sandstone is followed immediately and conformably by the Limestone with its 
underlying shale. This mpid change is probably to be explained, as Jukes suggested, 
by a lateral passage of the slate into limestone ; the Carboniferous Slate being, in part 
at least, the equivalent of the Carboniferous Limestone. Between Bandou and Cork 
the Carboniferous Slate is conformably overlain by dark shales containing Coal-measure- 
fossils, and believed to be true Coal-measures. Hence in the south of Ireland, tlie 
thick calcareous accumulations of the limestone series appear to be replaced by a 
corresponding depth of argillaceous sedimentaiy rocks. ^ 

The Carboniferous Limestone covers a large part of Ireland. It attains a maximum 
in the west and south-west, where, according to Mr. Kinahan,^ it consists in Limerick 
of the following subdivisions ; — 


Upper (Burren) Limestone 
Upper (Calp) Limestone 

Lower Limestone , 

Lower Limestone Shales . 



Feet. 

Bedded limestone . 

. 240 

Cherty zone . 

20 

Limestones and shales 

. 1000 

Cherty zone . 

40 

Fenestella limestone 

. 1900 

Lower cherty zone . 

20 

Low’-er shnly limestones . 

. 280 



. 100 


8600 


The chert (phtanite) bands which form such marked horizons among these limestones 
are counterparts of those found so abundantly in the Carboniferous Limestone of England 
and Scotland. Portions of the limestone have a dolomitic character, and sometimes are 


^ J. B. Jukes, Mmairs Geol, Survey, Irdand, Explanation of Sheets 194, 201, and 
202, p. IS.; Explanation of Sheets 187, 195, and 196, p. 85. 

It ^ ‘Goology of Ireland,* p. 7^. 
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oolitic. Great sheets of basalt and tuff, representing volcanic eru{)tions of con- 
temporaneous date, are interpolated in the Carboniferous Limestone of Limerick (Fig. 
332). As the limestone is traced northwards, it shows a similar change to that which 
takes place in the north of England, becoming more and more split up with sandstone, 
shale, and coal-seams.^ 

2. Millstone Gkit. — This name is given to a group pf sandstones and grits, with 
shales and clays, which rims persistently through the centre of the Carboniferous 
system from South Wales into the middle of Scotland. In South Wales it has a depth 
of 400 to 1000 feet ; in the Bristol coal-field, of about 1200 feet. Traced northwards it 
is found to be intercalated with shales, fire-clays, and thin coals, and, like the lower 
menibei's of the Carboniferous system, to swell out to enormous dimensions in the 
Pennine region. In North Staffordshire, according to Mr. Hull, it attains a thickness 
of 4000 feet, which in Lancashire increases to 5500 feet. These massive accumulations 
of sediment were deposited on the north side of a ridge of more ancient Palasozoic rocks, 
which, during all the earlier part of the Carboniferous period, seems to have extended 
across central England, and which was not submerged until part of the Coal-measures 
had been laid down. North of the area of maximum deposit, the Millstone Grit thins 
away to not more than 400 or 500 feet. It continues a comparatively insignificant 
formation in Scotland, attaining its gi'eatest thickness in Lanarkshire and Stirlingshire, 
where it is known as the “Moor Rock.” In Ayrshire it does not exist, unless its 
place be represented by a few beds of sandstone at the base of the Coal-measures. 

The Millstone Grit is generally barren of fossils. When they occur, they are either 
plants, like those in the coal-bearing strata above, or marine organisms of Carboniferous 
Limestone species. In Lancashire and South Yorkshire, indeed, it contains a band of 
fossiliferous calcareous shale undistinguishable from some of those in the Yoredale 
group and Scaur limestone. • 

8. Coal-Measures. — This division of the Carboniferous system consists of 
numerous alternations of grey, white, yellow, sometimes reddish, sandstone, dark-grey 
and black shales, clay-ironstones, fire-clays, and coal-seams. In South Wales it attains 
a maximum depth of 4800 feet ; in the Bristol coal-field, about 6500 feet, in North 
Staffordshire about 5000 feet, which in South Lancashire increases to 8000. These 
great masses of strata diminish as we trace them eastwards and northwards. In 
Derbyshire they are about 2500 feet thick, in Northumberland and Durham about 2000 
feet, and about the same thickness in the Whitehaven coal-field. In Scotland they 
attain a maximum of over 2000 feet. Some of these remarkable variations in thickness 
take place within short distances, as wo have seen to be also the case in regard to the 
Carboniferous Limestone series. Thus in the South Wales coal-field the Coal-measures, 
like the limestone, are thinnest towards the east and rapidly thicken westward. They 
are 1880 feet thick in Monmouthshire, and swell out to 3126 in the east of Glamorgan- 
shire and to 4753 feet in the west of the same county. Yet the direct distance within 
which this increase takes place is not more than 40 miles. There can be little doubt 
that the Carboniferous period was one of considerable terrestrial disturbance, some 
areas sinking, othem remaining long stationary, and others undergoing upheaval. The 
occurrence of a marked uuconforniability in the Shropshire Coal-measures affords a 
striking proof of these movements.'-^ 

It must of course be borne in mind that except possibly in some parts of the 
Midlands the visible top of the Coal-measures is in Britain a denuded surface even 
when preserved under later formations, and that it is impossible to say how much 
of the strata originally det)Osited has been removed. Faleeontological considerations, 
to he immediately adverted to, indicate that the closing part of the Carboniferous period 
is not now represented in Britain by fossiliferous strata. Towards the end of the 


^ Hull’s ‘ Ehysioal Geology and Geography of Ireland,’ 2ad. edit. (1891 ), p. 49. 
9 W. Shone, Q. J, G. S, Ivii. (1901), p. 86. 
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Carboniferous period, possibly also within early Permian time, the terrestrial disturbances 
increased so much that the Carboniferous system was in many, if not most, districts 
of Britain upheaved so as to be exposed to denudation. In some areas the denudation 
was so gi’eat that the Permian rocks, as in the case of the Magnesian Limestone of 
Durham, sweep across the denuded edges of the Coal-measures, Millstone grit, and even 
the higher parts of the Carboniferous Limestone. 

The Coal-measures are susceptible of local subdivisions indicative of different and 
vaiiable conditions of deposit. The following table shows the more important of 
these 


Bristol A2m Souebset. 

Feet. 

Upper series, coin- 
t'*- T!''-!- 

t k - " ■ - '■■■.- 

stones and shales, 
with 8 seams of 
coal underlain by 
the Farrington 
series, with a group 
of red shaleshaving , 
a distinctive flora 2000 ■ 
Middle* •inrJps. ch’oHy 
.‘•aMd'kl'iMO rtr.Il 

Pennant grit (970 
feet) . . . 2000 

Lower series, con- 
sis^’ng of ."n upn^T 
group (Kin'.;'\v','iil. 

&c.) ‘and a lower 

s, 

>1 . ■ ■: f.- - . 2600 

Millstone Grit. 


Glamorganshirb.1 

Feet. 

Upper series : sand- 
stones, shales, &c., 
with 7 workable 
coal - seams, more 
than . . . 1300 

Pennant Grit: hard, 
thick-bedded sand- 
stones, and 3 to 7 
workable coal- 
seajns . . . 1880 

Lower series : shales, 
ironstones, and 12 
to 25 workable coal- 
seams . . . 1670 

Millstone Grit. 


South Lancashire. 

Feet 

U* ‘ *" - . 'i ' 

I - - • I 

‘^])imTbi<ili!nnstniio. 

IIOI -.t'lM ill'll 

coal-seams 1600 to 2000 
Middle series : sand- 
stones, shales, clays, 
and thick coal - 
seams. The chief 
repository of coal 

8000 to 4000 
Lower or Gannister 
senes : flagstones, 
shales, and tlim 
coals . 1400 to 2000 

Millstone Grit. 


Central Scotland. 

Feet 

Upper red sand- 
stones and clays, 

,. 1 . ■ 


'1 • ■ .- 
iires of England ; in 
PMfe upwards of . 000 

Coal-measures : sand- 
stones, shales, lire- 
elays, with bands 
of black-band iron- 
stone, and numer- 
ous seams of coal, 
Tirulmbly rciir-esent- 
"f.: ili(‘ Lower Coal- 
measures of Eng- 
land. Thickness 
in Ijanarkshire up- 
w'anls of , 2000 

Moor Rock, or Millstone 
Grit. 


The Coal-measures of Britain are marked by evidences of a mingling of lagoon and 
maiine conditions. The numerous coal-seams with, their underclays indicate the sites of 
wide tracts of swampy terrestrial vegetation. The intercalation of layers of shale and 
ironstone containing what were probably fresh-water or at least brackish water mollusks 
points to the complete or partial exolusion of the sea from these tracts, while the 
frequent interposition of bands containing undoubted marine shells shows that the sea 
could never have been far distant, but from time to time, during the slow subsidence of 
the region, spread over the submerged jungles. Hence the remarkable alternation of 
terrestrial or lagoon surfaces with the bottoms of shallow seas. 

1. TJie Low&r Series. — The Lower Coal-measures have furnished au abundant flora, 
in which the most common species are Neuropteris lietcrophylla, Aletliopteris loncldtica^ 
A. deeurrem, Sphenopto'is obtusildbai LcpidocUiidron ophiurvs, GalamUes SticJcowii 
and G. ramosm. Sigillaria, though represented by a number of species, is not common. 
Large tree-ferns make their appearance in rare stems of Megaphyton frondomm and 
M. approxmiaium.^ Upwards of 70 species of marine fossils have been obtained 
from this group, the most distinctive being Amculopectm papyracemt GastHoceras 
(GoniatUes) carbonariimi, Fosidoniella, Isevis, and P. minor. In Scotland occasional 
bands of marine fossils occur even near the top of the Coal-measures which are believed 
to be the equivalents of the Lower series of England. Thus in Fife a shale foiming the 
roof of a thin coal at the top of the series contains Lingula^ Orbiculoiclea^ Productits 
seftnireticul.at’us, Aclisinct {JMurchisonia) striatula, Bell&t'ophon Urci% Ortlioc&ras^ and 
Liscites.^ 


2. The Middle Se^t'ies is distinguished by its much richer flora. While it includes the 


^ H. EL Jordan, Address to South Wales Inst. Engin. May 1898. “Memoir of 
Geological Survey on South Wales Coal-field.** 

^ R. Kidston, op. s^tpra dt. p. 226. 

» J. W. Kirkby, Q. J. G. S. xliv. p. 747. 
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more frequent species found in the Lower series, it contains many additional forms 
peculiar to itself. The genus Sphenopteris here attains its chief development {S, 
grmidifrons, S. Sawmuri^ S, MarrfUii, S. rotiindifolUit S. mirta, S. coriacea, S, Jacqnotii 
S. flexuosa, S. tri/oHoluta), The genera Odmtopteris and Ncuropteris are also repre- 
sented by a larger number of species than has been observed on any other horizon, some 
of the species being found only here, together with a number of other genera of ferns. The 
Galamites are strongly represented, also Sphenophyllum, Lepidodeiidroiiy and SigHlarm^ 
the last-named attaining here its maximum development and being represented by 
some species only found in this subdivision {S. polyploca.^ S. eloiigata, S, dcutscMana,f S, 
Saulii, S, cordigr/ra), Oordaites abounds, its commonest species being here, as in the 
Lower series, C. pri'nmpalis. The most distinctive inollusks of the English Middle 
Coal-measures are Ndiadites modiolaris and Anthracomya^niodiolaris, These shells are 
not found in immediate association with the indubitably marine organisms, but on the 
contrary are mingled with a peculiar assemblage of fishes and reptiles, annelids and 
crustaceans, such as may be supposed to have inhabited brackish or fi*esh water, 
together with abundant remains of terrestrial vegetation. ^ Some of the more 
characteristic fishes are Sirepaod'iLS sauroidcs (Fig. 409 b), Ehizodopsis sauroideSf Mega- 
lichthys Clu'it'odua granulosns (Fig. 409 a), Jaimssa UnguseformiSf Sphenaca 7 Ukib 8 

hybodoides (Fig. 898), PlexwacoAdhm Isevi^imuSf CtcnoptycMits apiccdis. Some species 
range from bottom to top of the Coal-measures — e.g, Callopristodxis pectincUm and 
GyracaiUhus fox'mosxLS, ® 

3. TJie Upper Series. — This highest subdivision of the English Carboniferous system 
appears to be best developed in the Bristol and Somerset coal-field, but to be present 
also in the Midlands. It has lately been worked out in gi'eat detail by tlie Geological 
Survey in North Stafibrdshire, where it is capable of subdivision into four distinct 
groups of strata, At the base and passing continuously and conformably down into 
the Middle series comes (ci) the Black-Band gi’oup (300 to 450 feet), consisting of grey 
sandstones, marls, and clays, with some thin coals, hlack-hand ii*onstones, and scams of 
Spirorbis Limestone, {b) Etruria marls (800 to 1100 feet), red and purple marls and 
clays, with thin bands of green grit and seams of Spirorbis Limestone near bottom and 
top. (c) Newcastle-under-Lyme gi'oup (300 feet), grey sandstones and shales with four 
thin coals and an entomostracan limestone at the base, id) Keole series (above 700 
feet), red and purple sandstones and marls with thin black and grey liinostoues, grey 
sandstones, and an entomostracan shale at the base.'* The llora of this series is 
chai’acteriaed by the prominence of ferns of the genus Pccoptcns, belonging to the 
GxjatJmtss grouj) of Gbpi»ert (7^ arhorescem, P. orcopt(yi'idca^ P. Gislii, P* Pucklaxidii, P. 
pteroidcSj P . P. crexiiUata, P. pvmmtifidit,, &c.), species which arc not found on any 

other horizon. Another common fern is Alethoptm'vt Serlii. There are likewise peculiar 
species of Sphenopteris, Odotdopterls, and Neiiropicris. Troo-ferus here attain their 
maximum development. Calwmitcs appeal’s' to ho dying out, likewise Lepidodendron 
and LepitloplUoios, while Sigillarid shows groat diminution, being represented by several 
species of which only one {S. tessclcUa) is common ; of Gordaites two species are known. 
A specimen of ithhm has likewise been obtained near Birmingham.'* The fauna of 
this series has its distinctive shell, AxitJwacomya PhilUpsii, together with Garbonicold 
Fmti, the last British representative of this fresh -water genus. There occur also 
immense numbers of Spirorbis in the limestones, likewise various species of the ostracod 
genus Garbonia and some fishes {Blon'ldhiJhys, Megal'ichthys Sihh&rti, Q^^laeoLidhiis 
leptwinis, JDiplodxis gibhosiut, Gtenodus crUstatm), 

1 Wheeltou Hind, Q. J. G. S. xlix. (1893), p. 259 ; op. dt Iv. (1899), p. 365 ; 
Pcdmntog. Son. xlix, (1895). 

® My friend Dr. Tracpiair has been kind enough to furnish me with information on this 
subject, which he has so carefully studied. 

* W. Gibson, Q. J. G. S. Ivii. (1901), p. 251. ^ E. Kidston, op. svpm cit. p. 229. 
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In North Staffordshire there appears to be no break in the conformable continuity 
of the Coal-measures. But in the adjoining county of Shropshire, at a distance of not 
more than 25 or 30 miles to the south-west, a strong unconformability (locally known 
as the “ Symon Fault”) has been detected between the Middle and Upper Coal-measures. 
The older strata have been thrown into folds, over the top of which the younger series 
has been laid down.^ Other unconformabilities have been claimed in various districts 
both in England and Scotland. Discussion has arisen in recent years as to the value of 
these breaks and as to the relation of the Carboniferous to the Penuian system. It has 
been proved that certain red rocks, which for many years had been regarded as Permian, 
are really continuous with undoubted Coal-measures and contain an unquestionably 
Carboniferous flora and fauna. It has likewise been demonstrated that the red colour of 
these strata is original, and consequently that the peculiar geographical conditions 
which produced the red sediments of Permian time had already set in during the 
Carboniferous period.^ The Carboniferous flora persisted for a time under these 
altered conditions, but its remains become fewer as we ascend into the highest parts of 
the red series, while the fauna grows increasingly impoverished. The remarkable 
breccias which form so conspicuous a part of these red rocks in some areas of the 
Midlands, and have long been claimed as characteristically Permian, appear to form an 
integral part of the red series which graduates downward into the grey Coal-measures. 
If these breccias are retained as parts of the Permian system, it becomes clear that in 
this region no definite boundary-line can be drawn between Carboniferous and Permian 
deposits. Such gradations are of course perfectly natural, for there was no abrupt 
break in the continuity of the two periods. It may be an open question, for at least the 
present, whether or not any part of the red series of the Midlands below the base of the 
Trias should be separated from the Coal-measures and be regarded as Permian. 

The breccias just referred to have much interest in the history of geological investi- 
gation, inasmuch as they were claimed by Ramsay in 1855 as proofs of glacial action 
in Permian time.^ He pointed out their resemblance to moraine-stuff and boulder-clay, 
showing that the shapes of the stofaes recall those of ice-worn boulders and pebbles, 
and that in many cases they are distinctly striated. He believed that he could trace 
the origin of the contents of the breccias to the Silurian high grounds of North Wales, 
and he came to the conclusion that they had been transported by floating ice connected 
with glaciers, which existed among the hills of that region in the Permian period. 
Subsequent investigation has made it more probable that the materials of the breccias 
were not far transported, but may have been derived from a ridge of old Palteozoic and 
pre-Cambrian rocks, the summits of which have been w'ell-exposed by the denudation of 
the Triassic strata in Charnwood Forest and elsewhere. These deposits have been 
compared to the subaerial detritus accumulated by streams, as in the gravel fans at 
the foot of the hill-ranges in the drier parts of Western and Central Asia. But the 
character of the striation on the stones is strongly suggestive of ice-action, as is admitted 

1 T. C. Cantrill, Q. /. O, S. ll (1895), p. 542. W. J. Clarke, qp, cit Ivii. (1901), p. 86. 

^ T. C. Cantrill, op. cit li. (1896), p. 628. W. Gibson, op. cit Ivii. (1901), p. 216. 
It will be remembered that the peculiar red sediments of the Old Red Sandstone had, in 
like manner, made their appearance while an Upper Silurian fauna was still abundant. 

® **On the occurrence of angular, sub-angular, polished and striated fragments and 
boulders in the Permian Breccia of Shropshire, Worcestershire, &c., and on the probable 
existence of Glaciers and Icebergs in the Permian Epoch,” Quotrt. Jmmi. Oeol. Soc. 1866, 
pp. 186-205. See also Mr. W. Wickham King, MidVaavA JYatwrciIist, xvL (1898), p. 25 ; 
Q. J. G. S. Iv. (1899), p. 97. R. D. Oldham, op. dt. 1. (1894), p. 463. While the breccias in 
question are intercalated among strata continuous with undoubted Coal-measures, no trace 
of any glaciated surface of older rock has been found associated with them, and they 
become coarser towards the south-east and east, that is, away from the north-western source 
attributed to them by Ramsay. Postea^ p. 1070. 
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which, alike by paleontological and potrographical characters, it is closely linked. 
The Carboniferous rocks of the north of France and of Belgium have undergone 
considerable disturbance. A remarkable fault (“la gi*ande faille *’ of this region) result- 
ing from the rupture of an isoclinal syncline, and the conse(iuent sliding of the inverted 
side over higher beds, runs from near Mge westwards into the Boulonnais, with a 
general but variable hade towards the south. On the southern side lie lower Devonian 
and Upper Silurian strata, below which , the Carboniferous Limestone, and even Coal- 
measures are made to plunge. Bores and pits near Liege at the one end, and in the 
Boulonnais^ at the other, have reached Avorkable coal, after piercing the inverted 
Devonian rocks. By continuing the boring the same coals are found at lower levels 
in their nomal positions. Besides this dominant dislocation many minor faults and 
plications have taken place in the Carboniferous area, some of the coal-seams being 
folded in zig-zag, so that at Mons a bed may be perforated six times in succession by the 
same vertical shaft, iu a depth of 350 yards. At Charleroi a seiies of strata, which 
in their original horizontal position occupied a breadth of SJ miles, have been com- 
pressed into rather less than half that space by being plicated into twenty-two zig-zag 
folds. 

Southwards the plateau of crystalline rocks in central and southern France is dotted 
with more than 300 small Carboniferous basins w^hich contain only portions of the 
Coal-measures. The most important of these basins are those of the Roannais and 
Beaujolais, St. Etienne, Autun, Commentry, Card, and Brive. It would appear, 
however, that some of the surrounding slates are altered representatives of the lower 
parts of the Carboniferous system, for Carboniferous Limestone fossils have been found 
in them between Roaniie and Lyons, and near Vichy. “ Even as far south as 
Montpellier, beds of limestone full of I^roductus gigantcus and other chamcteiistic 
fossils are covered by a series of workable coals. Grand’ Euiy, from a consideration of 
the fossils, regai-ds the coal-basins of the Roaiinais and lower part of the basin of the 
Loire, as belonging to the age of the “culm and upper greywacke,” or of strata 
immediately underlying the true Coal-measures. But the numerous isolated coal-basins 
of the centre and south of France he refers to a much later age. He looks on these as 
containing the most complete development of the upper coal, properly so-called, 
enclosing a remarkably rich flora, which serves to fill up the palteoutological gap 
between the Carboniferous and Pemiau pexiods.** Some of these small isolated coal- 
basins oi'e remarkable for the extraordinary thickness of their coal-seams. In the most 
important of their number, that of the Ijoiro (St. Etienne), 31 workable beds of coal 
occur, with a united thickness of 164 feet, in a total depth of 11,500 feet of strata. In 
the basin near Chalons and Autun, the main coal averages 40, but occasionally swells 
out to 130 feet, and the Coal-measures are covered, apparently confoi-mably, by Permian 
rocks, from which a remarkable series of saiirian remains has been obtained. In some 
of those small basins, like that of Brive, the Carboniferous strata consist in large part of 
breccias aud coarse conglomeratic sandstones, which rest uncon foimably U 2 )on, and have 
been formed out of, the contorted gneisses and schists of the central plateau.** In other 
basins they have undergone intense compression and dislocation. A notable example 
of this complicated structure is funiished by the coal-field of the Gard on the east side 

1 For the Boulonnais, see Godwiu-Austeu, J. Q, iS. ix. p. 231 ; xii. p. 38. Ban-ois, 
Proc, Qtol, Assoc, vi. No. 1. Report of meeting at Boulogne, i?. *S^. Q, jP., ser. 3, viii. p. 483. 
Rigau.\*, /Soc. Sdi, Boulogne, vol. xiv. (1892); ‘Notice Geol. sur le Bus Boulonnais,’ 
Boulogne-sur-mer, 1892. 

2 Murchison, Q, J, O, JS, vii. (1861), p. 13. Julien, Oomptes Rmdus, Ixxviii. p. 74. 

^ Grand’ Bury, ‘Flore Carbonifere’ ; Cmnpt rend. CougrSs G^oL Intmiaf. Paris, 1900, 
p. 621. Bertrand, Bull Sue. QioL France, xvi, (1888), p. 617. Fayol, p. 968 et seq. 
Memoirs cited ante, p. 1061. Le Terrier, Bull. Carte CM. France, No. 16, p. 34. 

* G. Mouret, ‘Bassin Houiller et Pormien de Brive,’ 1891. 
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of the ridge of crystalline rocks that form the Cevennes. The strata have there been 
not only ruptured but overturned, and traversed by thrust-planes on which portions of 
them have been pushed bodily forward.^ In the north-west of France, representatives 
of the Carboniferous Limestone and the coal-bearing series above it are found. The 
Carboniferous Limestone is also well developed westward in the Cantabrian mountains 
in the north of Spain, where it likewise is surmounted by coal-bearing strata.® 

North Cr8nnan,y.'^ — The Coal-measures extend in detached basins north-eastwards 
from Central France into Germany. One of the most important of these, the basin of 
Pfalz-Saarbriicken, lying unconformably on Devonian rocks, contains a mass of Coal- 
measures believed to reach a maximum thickness of not less than 20,000 feet, and 
divided into two groups : — 

2. Upper or Ottweiler beds, from 6500 to 10,000 feet thick, consisting of red sand- 
stones at the top, and of sandstones and shales, containing 20 feet of coal in 
various seams. Pei'ojJtena arbm'e^cem^ ('Mo)Uojjteriii obtiisa, Curhtmivula, 
Eatliei'iai Leaia ; fish-reinains. 

1. Lower or main coiil-beaiing (Saarhrucken) beds, 5450 to 9000 feet thick, with 
82 workable and 142 unworkable coal-seams, or in all between 350 and 400 
feet of coal. Abundant plants of the middle and lower zone of the Upper Coal 
flora. The base of the Carbouiferons system does not here reach the surface. 

The Franco-Belgian Coal-field is prolonged across the Rhine into Westphalia. The 
Carboniferous Limestone here dwindles down as a calcareous formation, and assumes the 
Culm” phase, passing up into the “ fiotzleerer Sandstehi*’ or Millstone Grit — a group 
of sandstones, shales, and pebbly beds some 3000 feet thick, but without coal-seams. 
These barren measures are succeeded by the true Coal-measures, about 10,000 feet thick, 
with 90 workable seams of coal, having a united thickness of more than 250 feet. 

Southern Germany, Bohemia. — Carboniferous rocks occur in many scattered areas 
across Germany southwards to the Alps and eastwards into Silesia, including repre- 
sentatives both of the lower or Culm phase and of the Coal-measures. The Culm 
rocks reappear in the Hartz, where they are traversed by metalliferous veins and enclose 
small patches of Coal-measures.'* The same structure extends into Thuringia, the 
Fichtelgebirge, Saxony, and Bohemia, the series of shales, sandstones, grcywackes, 
and conglomerates of the Culm yielding Carboniferous Limestone fossils, os well as 
MegaphyUni, AsteroccUamiteSf Lepidode7idron, &c., and containing sometimes, as in 
Saxony, workable coals. The abundant fauna of the Carboniferous Limestone is 
reduced to a few mollusks {Prodmtm anf.iquu8, P. P, semireHculatm, 

Posidonomya BecherU Goniatites {Olyphioc&ras) Orthocet'cut slriatukm., 

ice.). The Posidanomya particularly characterises certain dark shales known as 
“Posidonia schists.” Of the plants, typical species are Asicrocalamitcis m'ohiculatus 
[Ciilamites Lepidodciidro^i ’odtliemianum, Stiy maria ficoidcs, Spliciiopt&na 

distans, Cycloptcris tenuifolia. This flora bears a strong resemblance to that, of the 
Calciferous Sandstones of Scotland. True Coal-measures, however, also occur in these 
regions, though to a smaller extent than the lower pai-ts of the system. One of the 
most extensive coal-fields is that of Silesia,® where the seams of coal are both numerous 
and valuable, one of them attaining a thickness of 50 feet. It is noteworthy that in 

^ M. Bertrand, Cmnpt raid., exxx. 29th January 1900. 

® Barrois, B. S. Q. F, xiv, (1886), p. 660 (Pinisterre) ; ‘ Recherches aur les Terrains 
aiiciens des Asturies,’ p. 561. ZeiUer {Mem. Boc. Gkil. JYord, 1 1882) refers the Asturian 
plants to the Middle and Upper Coal-measures of France. 

® Geinitz, ‘Die Steinkohlen Deutschlands," Munich, 1865. Von Dechen, ‘ ErlSuterungen 
zur Geol. Karte der Rheinprov.’ ii. (1884). C. E. Weiss, ‘Fossile Flora der jiingsten 
Steinkohlen formation uud des Rothliegenden im Saar-Rhein Geblete,’ 1869-72. 

* H. Potonie on the Culm-Flora of the Harz, Abhandl. Freim. Oeol. Laruleaanat., Neuo 
Folge 36 (1901). 

® D. Stur, AhhandX. k. k. Geol. Reichaamt. (1877). 
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tlie Coal-measures of eastern and southern Germany horizons of marine fossils occiu’ 
like those so marked in the corresponding strata of Britain. 

The coal-field of Pilsen in Bohemia occupies about 300 square miles. It consists 
mainly of sandstone, passing sometimes into conglomerate, and interstratified with 
shales and a few seams of coal which do not exceed a total thickness of 20 feet of coal. 
In its upper ]>art is an impoitant seam of shaly gas-coal (Plattel, or Brettelkolile), 
which, besides being valuable for economic purposes, has a high palteontological interest 
from Dr. Fritseh’s discovery in it of a rich fauna of amphibians and fishes. The 
plants above and below this seam are ordinary typical Coal-measure forms, ^ but 
the animal remains present such close aliinities to Permian types that the strata 
containing them may belong to the Permian system (pp. 1068, 1074). What are 
believed to be true Permian rocks in the Pilsen district seem to overlie the coals 
unconformably. 

Alps, Italy. — The Carboniferous strata of the Alps have been already (p. SOI) referred 
to in connection with the metainorphism of that region. They consist of conglomerates, 
sandstones, and dark carbonaceous shales, which in some places lie unconformably on 
the crystalline schists, with which elsewhere, owing to compression, they appear to be 
conformable or parallel. To the south-west of Mount Blanc the shales contain Coal- 
measure plants, Peco;pteris jpolymm'pJut being the commonest form.*-^ In other parts of the 
chain, the Carboniferous lenticles occur imbedded in or associated with a great series of 
reddish sandstones, conglomerates, and red or greenish shales or slates, which occasionally 
become qriite crystalline, and cannot indeed be satisfactorily separated from what liave 
been regarded as the primitive schists of the mountains. To these strata the name of 
“ Verrucano” has been given. That they are partly, at least, of Carboniferous age is 
shown by the characteristic flora, amounting to upwards of 60 species, which the dark 
carbonaceous bands have yielded.^ The plants have had their substance converted into 
a silvery sericitic mica. In Oarinthia, through the labours of Stur, Stache, and others, 
Carboniferous formations have long been known to form part of the central and 
southern bauds of the Alpine chain. They are especially developed in the Gail Thai, 
where they have yielded numerous marine fossils like those of the Carboniferous 
Limestone of Western Europe. They extend eastwards into Styria, and thence through 
the hilly gi'ound of Illyria, Croatia, and Dalmatia. Shales, sandstones, conglomerates, 
and bands of A’itsw^wwx-limestono (with Prodiictm semirrticulatuSf &o.), occur folded 
with the Trias on the western confines of Styria.^ 

Eussia.— Over a vast region of the East of Europe Carboniferous limestones, 
sandstones, shales, and thin coal-seams are spread out almost horizontally., They 
unite the marine and terrestrial types of sedimentation so characteristic of the 
north of Britain. In the central provinces of Russia, the Moscow basin or coal-field of 
Tula, said to occupy an area of 13,000 square miles, lies conformably on the Old Red 

^ From the coal-field of Central Bohemia C. Feistmantel enumerated 278 species of 
plants, of which 137 were ferns {Spliouipteris, NeuropteHs^ Odmitopteris, Oyatheites, 
AktlwpUris^ MegaphyUm^ &c.). Archiv, NaMmo, Lamlesdurchfimch, v. No. 3, 

1883. For the amphibian remains, see Fritacli’s ' Fauna der Goskohle.* 

® B. Ritter, B\dL Carte tMoL France^ No. 60 (1897), chap. vi. Duparo et Mrazec, Mmu 
Soc. Phys, ct Hint. Nat Genova, xxxiii. (1898), p. 172, 

^ For an essay on these rocks, see L. Milch’s ‘ Beitriige zur Kenntniss des Vemicano, ' 
Leipzig, 1892. The metamorphism of Carboniferous and Permian rocks in the Alps of 
Savoy is (^escribed by P. Termier, Bull. Carte QSol. France, ii. (1891), p. 367. See also A. 
Favre, ‘ Geol. Savoie,' vol. iiL (1867), p. 192 ; A. Rothpletz, Ahhandl, Sditoeiz. Paiseont 
Oesellsdi. vi. (1879). 

^ A. Tommasi, Boll. Soc. Oeol. Ital. viil. p. 564. C. P. Paroua and L. Bozzi, op. cit ix. 
pp. 66, 71. J. Teller, ErlUut, Oeol. Kart. (Pagerhof-Wind-Feistritz), Vienna, 1899, p. 41 ; 
Id. Prassberg. d. Sann. p. 34. 
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Sandstone or Devonian system, and contains limestones full of Carboniferous Limestone 
fossils, and a few poor seams of coal. In the south of the empire, the coal-field of the 
Donetz, covering an area of 11,000 square miles, contains 60 seams of coal, of which 44, 
having a united thickness of 114 feet, are workable. Again, on the fianks of the Ural 
Mountains, the Carboniferous Limestone series has been upturned and contains some 
workable coal-seams. It would appear, therefore, that this particular type of mingled 
marine and ten*estrial strata of Carboniferous age occupies a vast expanse under later 
formations in the east of Europe. Since so much of the Russian development of the 
Carboniferous system consists of limestone, it is interesting to find that it contains many 
of the familiar fossil species of the Carboniferous Limestone of Western Europe. Thus 
in the Ural region, according to Professor Tschernychew, the Carboniferous system may be 
divided into five zones, of which the lowest, a limestone containing Productus (jiganteus^ 
P. striatioSi Chonetes pa 2 )ilionacea, &c., may be paralleled with the Calcaires de Tournai 
and Vise in Belgium, and with the British Carboniferous series up to the top of the 
Yoredale group. The second, limestone with S^Crifcr mosquensw, may be regarded as 
corresponding to the non-productive stiuta of the west, with the Millstone Grit and 
Gannister group. The three upper zones, viz. those of {a) Bgringo^ora ^vralUUi^ 
Spirifer striatics, &c., (6) Productus cora, and (o) Sp infer fascigcr and Oouocardimu 
uralicum, are probably equivalent to the Middle and Upper Coal-measures.^ One of 
the most abundant and persistent organisms of the upper zones is the foraminifer 
PimiliTLa, The upper Carboniferous rocks on the west side of the Urals shade upwards 
into the base of the Pemian system, and show a commingling of Carboniferous and 
Permian fossils. 

Even as far north as Spitzbergen a characteristic Carboniferous flora has been 
obtained, comprising 26 species of plants, half of which are new, but among which we 
recognise such common forms as Lepkiendron Sternhm'gii and Cmdaites horassifolius.^ 

Africa.— The sea in which the brachiopods, corals, and crinoids of the Carboniferous 
Limestone lived extended across the MediteiTanean basin into Africa. Species of 
Productus, Atkyris, Spirifer, Streptorhpieh'KS, Orthis, Chjathophyllmn, &c., have been 
obtained in the western Sahara between Morocco and Timbuctoo.^ Farther east, in 
Fezzan, between Ghat and Murzuk, what were believed to be Carboniferous Limestone 
fossils were obtained by Overweg as long ago as 1860. More recently other outcrops of 
Carboniferous rocks have been detected at various points of the interior. The latest 
discovery has been made in the inland region south-west of Tidikelt (Algeria), where a 
group of white limestones, grey and red marls and yellow lumachelles have furnished 
a number of corals (Lophophyllum, Zaphrmtis, Michelinia favosa), crinoids {Pot&riO’ 
crmus, PhodoGrinus), Fmcstella meuihmiasea, Athyris lamellosa, Lepteena aiwZoga, 
Productus semireticidatus, Spirifer, PUurotmiaria Yvomni, OrtAocfiraa— ftn assemblage 
that may be compared with that of the upper part of the Carboniferous Limestone of 
Belgium and England.^ The red sandstones which extend into the peninsula of Sinai 
and thence into Palestine, have yielded stems of Lepidoderdrou and Sigillaria, and 
an intercalated limestone contains Orthis MichcUni and Gtthoihetes {Strept<rrJiynchus'\ 
crmistida.^ A number of characteristic brachiopods of the Carboniferous Limestone have 
also been obtained from the hills in the Egyptian desert to the west of the Gulf of 
Suez, such as Bhyucho^iella {Hypothyris) pleurodon, Productus semiretimilatus, Spirifer 
striatusf In Southern Africa the existence of Carboniferous rocks has long been known. 

1 Amu Soc, G^oL JYord, xviL (1890), p. 201. Nikitin, Mem. Ccrni, 04ol, Russ, v. (1890), 
No. 6. 

2 Heer, Flora FossU'is Arctica, iv. (1877), p. 4. 

® G. Stache, Denhsch, Acad, Wise. Wieu, xlvi. (1898). 

** G. Flamand, Qompt, rend, cxxxiv. (1902), p. 1533. 

8 R. Tate, Q. J, G. S. xxvii. (1871), p. 404. 

« J. Walther, Z.D.G, G, (1890), p. 419. E. BcheUwien, Z, L, G, G, xlvl (1894), p. 68 
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Above certain slates and sandstones (Bokkeveldt) containing fossils with Devonian 
affinities come the quartzites of Cape Colony, enclosing Lepulodetidron and other Carboni- 
ferous plants. These are unconfonnably overlain by the “Dwyka Conglomerate and 
the Ecca shales, mudstones and sandstones, some 4000 feet thick. The Ecca group has 
yielded a number of plants which ai*e also found in the Karharbari and Damuda groups 
of India. It may bo of Upper Carboniferous or Permian age. It is further alluded to 
on p. 1079.^ 

The Dwyka Conglomerate has given rise to much discussion. Some observers have 
regarded it as of volcanic oiigin, others have explained it to be a vast littoral accumula- 
tion, while the majority have adopted the view that it is a glacial accumulation, 
comparable with the Boulder-clay of Northern Europe and America. It is composed 
of stones varying from the smallest pebbles up to blocks weighing a ton or more, 
dispersed without definite arrangement in a dark grey or blue cement, which decomposes 
into a compact yellowish clay. Sheets of this material, 60 feet thick, alternate with 
liorizontal stiatified deposits, in which pebbles are sometimes abundant. The blocks 
in this conglomerate are covered with fine parallel stiite, like those of glacial origin. 
The older rocks on which the conglomerate rests unconformably have rounded, 
smoothed, striated and gi-ooved surfaces precisely in the manner of roclm moutmiiies in a 
glacier valley, the markings mounting over the prominences in one general direction from 
south-east to north-west. The original source of some of the blocks has not been found 
in South Africa. It is believed that this remarkable accumulation has once covered 
the sui’face of the Transvaal, at least as far north as lat. 26“ 40' S. It extends south- 
wards into Cape Colony, where it attains a thickness of more than 1200 feet.^ Further 
allusion will be made to this subject after the similar deposits of Australia and India 
have been described. The age of the Dwyka conglomerate has not been definitely 
ascertained ; it may be provisionally classed with the “ Peiino-Carbonifei*ous” deposits 
of these countries. 

Asia. — The Carboniferous system is extensively developed in Asia.® In China, where 
it covers an area of many thousand square miles, forming a succession of vast tablelands, 
it has been found by Bichthofen to be composed of throe stages : 1st, a massive brown 
bituminous limestone, which from its foraminifera {EiLmlvua, Eas'idimlla, I/inguliruc, 
Eivdotliyra, ValvuUna, Climacammhia) is obviously the equivalent of the Carboniferous 
Limestone of Europe ; 2nd, productive Coal-measures with both bituminous and 
anthracitic coals, and containing a characteristic Coal-measure fiora, among which are 
numerous ferns of the genera Spheriopteris, Palssopteris, Ncuropteris^ G<dlipt€ridivm, 
Oyatheites, &c., also species of Galamitea, Sph&iiophylliimj Lepidodendron (including L, 
Stmibm'g%i\ Stigmaria {S, flcoidcs), Cordaiten, and othere ; 3rd, Upper Carboniferous — 
sandstones, conglomerates, and thin limestones, containing mai*ine fossils, among which 
ai-e the cosmopolitan brachiopods mentioned on p. 1022.^ 

In India strata which may represent in part the Carboniferous system of Europe 
are developed in the western half of the Salt Kaiige, where they consist of (1) a lower 

' G. A. F. Molengraaf, Ji, 3. G. 4we sdr. i, (1901), p. 13. 

The observations of Sutherland, Dunn, Green, and other previous writers are cited by 
G. A. F. Molengraaf; Tmns, Oeol Soo. Africa, iv. (1898), p. 103 and R 3. (?. E i. (1901), 
}). 67. A paper by Messrs. Rogers and Schwarz advocates a glacial origin for the Prieska 
conglomerate of Orange River Colony, which is probably the same as the Dwyka rock, Trans, 
Phil. Soc. 3o%dh Africa xi. (1900), p. 113, Since this passage was written information has 
been received of the discovery of a similar coxiglomerate, also believed to be of glacial origin, 
intercalated in the Table Mountain Sandstone. It differs in some respects from the Dwyka 
band and seems to lie on a different horizon. A, W. Rogers, Trans. South African, Phil. 
Soc. xi. June 1902. 

® See G. Pliegel, Z. R. G. G. 1. (1898), p. 386. 

^ Richthofen, * China,* vols, ii. and iv. 

VOL. II 2 A 
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group of speckled sandstones resting iinconformably on the older Palseozoic rocks, and 
containing at its base a remarkable boulder-bed with striated stones of the type of those in 
South AMca and Australia, and (2) a group of sandstones and highly fossiliferous 
limestones and marls (Produotus beds), which have long been known their remarkable 
admixture of Ammonites among organisms of chaincteristically Palaeozoic type, such os 
Athyris Itoiaayi, Sjpinfei' slriatvst Productus cora and P. scmiTGticftlla.tus. The higher 
member of this group, a saudy dolomite not more than 100 feet thick, contains a rich fauna 
having a Permian facies, but together with the Pakeozoic forms are the ammonites Cyclo- 
lohus Oldham% Arcestes mvtiquiis^ A, p-iscuSi Xenodiscua ca/t'lo'iiaHus^ X. plicatus^ and 
Sageceras Tmue'i'ianum, In the Central Himalayas crinoidal limestones have been 
found in the Milam Pass containing some familiar Carboniferous Limestone species, and 
similar fossils have been ipet with in Cashmere. The great Gondwana system of the 
Indian peninsula, composed of a mass of strata probably in the main of flnviatile origin, 
appears to represent the upper Palseozoic and older and middle' Mesozoic formations of 
other countries. It is divided into two sections, whereof the lower comprises three 
formations, which in ascending order are the Talchir, Damuda, and Panchet. Of these 
the Talchir may be paralleled with the Upper Carboniferous rocks of Europe and the 
Dwyka and Ecca groups of South Africa. The most remarkable feature in the Talchir 
group is the occurrence of blocks of all sizes up to masses 15 feet in diameter and 80 
tons in weight, wliich have been dropped among the sandstones and the finest shales. 
In one instance the large bouldei's have been observed to show smoothed and striated 
surfaces, and the surface of the underlying limestone is found to be also polished, 
scratched and grooved. These features are believed by the geologists who have studied 
them to be only explicable by ice-action. Nor is this the only example of them in 
India. Reference has just been made to the boulder-bed of the Salt Range. Other 
instances have been noticed in the Spiti valley, Central Himalayas, in Simla, and in 
Cashmere.^ 

Australasia. — In Australia, im})ortant tiacts of true Carboniferous rocks, with 
coal-seams, range doum the eastern colonies, and are well developed in Queensland, 
where the goveniment geologists have grouped -a thick series of four or five fonnations 
under the name of Permo-Carboniferous. The oldest of these is termed (1) the Gympie 
aeries, wliich attains in its typical locality a thickness of 2000 feet, but sometimes reaches 
more than ten times that amount It consists of various sandy argillaceous and 
calcareous rocks with some volcanic intercalationB, and has yielded besides some plants 
{Cordaitea australiSj Lepidodendrcfth auatrale), numerous marine fossils, among which 
are Feitestella foaaula, Protoreiepora ampla, Spirifer vespertUio, Laptama rJtonMdaiia, 
and Pfodwstm cora, (2) The Star formation (1853 feet) consists of sandstones, 
conglomerates, shales, and thin limestones, in which, besides a mingling of plant remains 
{Lepidodeiidroii vdiheimimum^ L, auatraZe, OaCmiitea mria^ia) a marine fauna is found, 
including some characteristio Carboniferous Limestone genera and species, as Actlno- 
crimia, Phillipaia, FeneaUlla, Phpwfiondla (Hypotlvyria) pUurodoTi, Meticularia Ure% 
Fetffia radialia, OrtMa resupifuxtay Zeptsem rkoniboidalia, OiUhoceraa. The Brown River 
coal-field includes three formations, of which the lowest is (8) the Lower Bowen forma- 
tion, which is made up chiefly of coarse volcanic agglomerate and amygdaloidal lava, with 
conglomerates and sandstones nearly 1000 feet in thickness. (4) The middle Bowen 
formation, composed of alternations of sandstones and shales, with two seams of coal and 
some conglomerates in the lower part, has furnished a large series of fossils, which include 

^ The glacial oiigin of the phenomena in question has been ably advocated by Dr. W. 
T. Blanford, ‘ Manual of Geolog}'* of India,* 1st edit and in his Address to Geological Section 
of British Association, Montreal ; and by H. P. Blanford, Q, J. G. S, xxxi. (1875), p. 519 ; 
W. Waagen, JaM. Geol Pt&ichaanat, xxxvii. (1887), p. 148 ; P. Noetling, FTeuca. JaJvrh, 
1896, ii. p. 61 (where a bibliography of the subject is given), and R D. Oldham in * Manual 
of Geology of India,' 2nd edit. 1893, chaps, vi. and vii. 
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SplienopteriSf Olossopteris, and many marine animals {St&noporaf Ftmsidla fosmla^ 
T&i'ebratula cymbafoi'iniSj IXelasma sacctduB^ SpiHfer corwohUus, S. trigmicdiSf 
Prodiictm cora, &c.). (5) The Upper Bowen formation, made up of 1000 feet or more 

of grey shales and’ gi*eenish-grey, sometimes pebbly sandstones, with trees and a number 
of coal-seams, and containing Phyllotheca, amtritlis, Sphe^wpteris loMfolia, S, Jiexuosa, 
S, erebra, Glossoptei^U broicniamt &, linearis, Derhyia senilis, Froductiis hracliythsei'its, 
and GanioitUes^ 

In the Kimberley district of West Australia limestones 1000 to 1300 feet thick, 
with red marl, gypsum, and rockaalt, and covered by about 1500 feet of lacustrine or 
fluviatile sandstones, have yielded some familiar Carboniferous Limestone species 
{Prockictiis giganieus, P, semirctimlatus, Wiynehmella (Eypothyris) plew'odon and 
others). 

In New South Wales the Carboniferous formations are divisible into ; 1st, Lower 
Carboniferous (or Upper Devonian) — sandstones, conglomerates, limestones, and shales, 
much disturbed by granite in some places, travoi*sed by valuable auriferous quartz-reefs, 
and yielding plant-remains {Lepidod&ndr<m aiistrale), Spirifer disjunctus and Bhyiulimi- 
ella (ffypothyris) pleurodon ; 2nil, Upper or Permo-Carboniferous, including a series of 
coal-bearing strata, both below and above which are thick masses of calcareous con- 
glomerates and sandstone abounding in marine fossils. The coal-seams aro sometimes 30 
feet thick, and among the plants associated with them are five species of Glossopteris, also 
.^GangcMnopteris (several species), Phyllotheca, Annulai'ia, V&iiehraria, Braekyphylhim, and 
FUggeratlmpsis, The genius Glossopteris was formerly believed to be entirely Mesozoic, and 
its occurronco with true Carl)oniferous organisms was for a time denied. There can now 
be no doubt, however, that it appears among sti-ata in w'hich ai‘e found the widespread and 
characteristic Carboniferous Limestone foims Lithostrotion lasaltiforme, L, mcgulare, 
Fenestella pUheia, Athyris Jioyssii, Ortim Micivelini, 0, restcpinata, Pmhtdm amUcdns, 
P. eora, P, Icmgispimis, P. punetaim, P, smnireticxilatus, and many more.® • Professor T. 
W. E. David, in summarising our knowledge of the coal-bearing rocks of New South 
Wales, gives a thickness of 10,000 feet to the Upper or Permo-Carboniferous series. 
The productive Coal-measures lie in the upper series, which is subdivided into six groups. 
In descending order those aro (0) the Newcastle Coal-measures ; (5) Dempsey beds ; (4) 
Tomago (East Maitland) group ; (3) Upper Marine gi’oup ; (2) Greta Coal-measures ; 
(1) Lower marine .series. The Newcastle coal-seams are notable for their thiekncbs, the 
lowest of them being from eight to fifteen feet, and another, near Jamberoo, twenty-five 
feet thick. An uucouforinability and strong break in the flora separate the upper 
division from the lower Carboniferous (or Upper Devonian).* 

One of the most interesting features of the Permo-Carboniferous formations of Australia 
is to found in the ocourronce among them of conglomerates like the South African Dwyka 
conglomerate and those of India, filled with wcll-.striatcd blocks and resting upon 

1 Messrs. Jack and Etheridge, ‘Geology and Paltuontology of Queensland,’ chaps, vi. 
xxii. 

2 E. T. Hardman, ‘‘Report on the Geology of the Kimberley District,” Perth, 1886. 

^ See the papers by W. B. Clarke, R. Etheridge jun,, De Koninck, and Wilkinson, cited 
ou p. 980. 

* Prof. David, Trwm, Austral. Assoc. Soa. vol. ii, (1890), pp. 459-466 ; Proc. Imxn. Soc. 
N.S. Wales, viit (1893) ; Joimi. Boy. Soc. F'.S. Wales, xxx. (1896). 0. Peistmautel, Mem. 
Gaol. Sivro, N.8. Wales, Paleontology, No. 3, 1890, p. ,37. The Carboniferous and 
Penno- Carboniferous corals of New South Wales are described by B. Etheridge, jun., 
op. cU. No. 6, 1891. B. A. N. Arbor, Q. /. G. 8. Iviii. (1902), p. 1. Por information on 
the Australian Coal-fields, see papers by Walker, Robertson, and Cox, Trans. Fed, Xnst. 
Min. Eng. il. (1891), pp. 268, 321 ; iv. (1893), p. 88. Por a detailed account of the 
Permo-Carboniferous rooks and fossils of Queensland, see R. L. Jaok and E. Etheridge, 
jun., ‘The Geology and Palteontology of Queensland,* 1892, chaps, vi.-xxij. 
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rounded and striated bosses of older rocks. These boulder-beds are well stratified ami 
are associated with finely laminated shales, indicating deposition in water. They 
suggest that the stones were dropped into the fine silt that was gathering on the sea- 
floor. No marine fossils, however, have been found in the deposits, the only organisms 
being remains of land -plants {Gangamopte^'is). The striie on the boulders and the 
rounding, polishing and grooving of the rocks underneath so exactly resemble those 
produced by glaciers, that since the phenomena were originally observed and described 
by Selwyn, as far back as 1869, they have been generally accepted as proof of the 
action, either of land-ice or of floating-ice. They extend over a wide region, from at least 
as far south as latitude 42° S. in Tasmania to the Bowen River Coal-field in Queens- 
land, latitude 20“ 30' S., and from about long. 137“ 30' E to about 161“ 30' E. In 
Victoria probably several thousand square miles are covered with those glacial con- 
glomerates, which, with their included sandstones, attain the enormous thickness of 
3600 feet or more. The ice which fun*owed the rocks and transported the boulders 
appears to have moved from the south, but the source of the erratics is not definitely 
known. The glaciated materials are not confined to one platform ; at Bacchus Marsh, 
in Victoria, there are at least nine or ten distinct boulder-beds, separated from one 
another by thick deposits of sandstone and conglomerate ; and in New South Wales the 
Greta Coal-measures, more than 230 feet thick, and containing from 20 to 40 feet in 
thickness of coal, are intei'calated between the en^atic-bearing horizon of the Lower 
Marine group and that of the Tipper Marine group.' 

The evidence now accumulated from South Africa, India, Cashmere and Australia 
seems to point to some general operation on a gigantic scale in the southern hemisphere 
at the close of the Carboniferous or in the Permian period, whereby boulder- beds were 
produced and limestones and rocks in situ were polished, striated and grooved. The 
assemblage of these peculiar features so exactly reduplicates the familiar phenomena of 
the Glacial Period, that it is hardly possible to resist the conclusion which has been 
reached by those who have studied the details on the ground, that it proves the 
occurrence of a former ice-age in late Palteozoic time which rivalled in its extent, and 
seems to have sui-passed in the magnitude of its deposits, the glaciation of the northern 
hemisphere. From the fact that the boulder beds are intercalated among marine strata 
it is clear that, to some extent at least, the ice reached sea-level. We are still in 
ignorance, however, of the position of the high grounds from which the ice-sheets 
descended.*^ 

In New Zealand rocks assigned to the Pemio-Carboniferous period consist of a 
large mass of sandstones .and shales, or slates and occasional limestones passing down 
into true limestones at the base, from which Spirifer hisulcatus, S. gldbar, Pi'od%ctus 
lyraxikytJissrits, &c., have been obtained. They are estimated to be from 7000 to 10,000 
feet thick, and though they do not yield coal, they are geologically important from 
the large share they take in the stmeture of the great mountain-ranges, and from the 

' Professor Edgeworth David, Q. J, &. S. lii. (1896), p. 289 (where an excellent account 
of the phenomena is given, also a bibliography of the writings of previous observers), Address 
to Section C. Australasian Assoc. Brisbane, 1896 ; Joimi, Proe. Roy, JSoe, W. S, Wales, 
xxxiii. (1900), p. 154. Penck, ZeitscHi. QeseU. Birdkunde, Berlin, xxxv. No. 4. (1900). 

® The early paper by A. C. Ramsay, already cited (p. 1050), was the starting-point of 
inquiry into possible Pakeozoic glacial periods, in regard to which a considerable mass of 
writing has since been published. Traces of such periods have been claimed for a succession 
of geological formations up into the pre-Cambrian series (Torridonian). Of thosS dealing 
with supposed Carboniferous glaciation reference may here be made to A. Julien, who has 
advocated the glacial oiigin of the coarse Carboniferous breccias of Central Prance, Ompt, 
rend, cxvii. (1893), p. 266 ; and to Dr. B. Kalkowsky, who has described what he believes 
to be a glacial pebbly sliale from the Carboniferous rocks of the Prankenwahl, Z, D, G, G. 
xlv. (1893), p. 69. 
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South America. — A large series of marine Upper Carboniferous fossils has been 
obtained from the district of the lower Amazonas below the mouths of the Rio Negro 
and the Madeira. Five fossiliferous gi’oups are known, 1000 to 2000 feet thick, among 
which a blue amorphous limestone is remarkable for the excellent preservation of its 
silicified fossils. The list includes numerous species of Productus^ SpiHfcr, Athyris, 
Streptoi’hynchitSi Avieulopcctm, Schizodics, Pleurotomaria, and BelUrophon^ with species 
of PhillVpsia^ Qnffithides^ FxLsnlina, and other forms which, though specifically dis- 
tinct, remind one of the general type of the marine Carboniferous fauna of Europe.^ 


Section v. Permian (Dyas). 

§ 1. General Characters. 

The Carboniferous rocks are overlain, sometimes conformably, but in 
Europe also unconformably, by a series of red sandstones, conglomerates, 
breccias, marls, and limestones. These used to be reckoned as the 
highest part of the Coal formation. In England they received the 
name of the New Red Sandstone’^ in contradistinction to the “OM 
Red Sandstone” lying beneath the Carboniferous rocks. The term 
“Poikilitic” was formerly proposed for them, on account of their 
characteristic mottled appearance. Eventually they were divided into 
two systems, the lower being taken as the summit of the Palaeozoic series 
of formations, and the upper as the basement of the Mesozoic. This 
arrangement, which is mainly founded on the difference between the 
organic remains of the two divisions, is generally adopted by geologists.^ 

Following the usual grouping, we remark that the portion of the red 
strata classed as Palaeozoic has received the name of “ Permian,” from its 
wide development in the Russian province of Perm, where it was studied 
by Murchison, De Verneuil, and Keyserling. In Germany, where it 
exhibits a well-marked grouping into two great series of deposits, the 
name “ Dyas,” proposed by Geinitz, has on that account been to some 
extent adopted. In North America, where no good line of subdivision 
can be made at the top of the Carboniferous system, the term “ Permo- 
Carboniferous ” has been used to denote the transitional beds at the 
top of the Palmozoic series, and this name has been proposed for use also 
in Europe and in Australia. 

In Europe two distinct types of the system can be made out In one 
of these (Dyas) the rocks consist of two great divisions: (1) a lower 
series of red sandstones and conglomerates, and (2) an upper group of 
limestones and dolomites. In the other (Russian or Permian) the strata 
are of similar character, but are interstratified in such a way as to 
present no twofold petrogm.phical subdivision. 

Rooks. — ^The prevailing materials of the Permian series in Europe 

^ 0.*A. Derby, Jounu Qeol. ii. (1894), p. 480. 

® Some writers, however, still contend that the red rocks of Europe between the summit 
of the Carboniferous and base of the Jurassic system form retdly one great series, the break 
between them being merely local. See, for example, H. B. Woodward, Oeol, Mag. 1874, 
p. 386 ; * Geology of England and Wales,’ 2nd edit. (1887), p. 207, and authorities cited 
by him. 



1064 


STBATIGBAPHICAL GEOLOGY 


BOOK VI PART IT 


are undoubtedly red sandstones, passing now into conglomerates and 
now into fine shales or “ marls.” In their coarsest forms, these detrital 
deposits consist of conglomerates and breccias, composed of fragments of 
different crystalline or older Palaeozoic rocks (granite, diorite, gneiss, 
mica-schist, quartzite, greywacke, sandstone, &c.), that vary in size up 
to blocks a foot or more in diameter. Sometimes these stones are well 
rounded, but in many places they are only partially so, while, here and 
there, they are quite angular, and then constitute breccias. The pebbles 
are held together by a brick-red ferruginous, siliceous, sandy, or argilla- 
ceous cement. The sandstones are likewise characteristically brick-red 
in colour, generally with green or white layers and spots of decoloration. 
The “ marls,” shelving still deeper shades of red, and passing occasionally 
into a kind of livid purple, are crumbling sandy clay-rocks, sometimes 
merging into more or less fissile shales. Of the argillaceous beds of the 
system the most remarkable are those of the Marl-slate or Kupferschiefer 
— ^a brown or black often distinctly bituminous shale, which in certain 
parts of Germany is charged with ores of copper. The limestone, so 
characteristic a feature in the “Dyas” development of the system, is a 
comp&bt, well-bedded, somewhat earthy, and usually more or less dolomitic 
rock (Zechstein). It is the chief repository of the Permian invertebrates. 
With it are associated bands of dolomite, either crystalline and cavernous 
(Rauchwacke) or finely granular and crumbling (Asche); also bands 
of gypsum, anhydrite, and rock-salt. In certain localities (the Harz, 
Bohemia, Autun) seams of coal are intercalated among the rocks, and 
with these, as in the Coal-measures, are associated bituminous shales and 
nodular clay-ironstones. In Germany, Prance, the south-west of England, 
and the south-west of Scotland, the older part of the Permian system 
contains abundant contemporaneous masses of eruptive rock, among 
which occur diabase, melaphyre, andesite, tuffs, agglomerates, and various 
forms of quartz-porphyry. 

Reference has already been made to the occurrence of breccias 
containing striated stones in the Midlands and west of England, and to the 
possibility that these rocks, which have long been accepted as of Permian 
age, may be more naturally placed near the top of the Carboniferous 
system. No satisfactory line can be drawn between the two systems in 
that region, and the breccias have accordingly been described together 
with other evidence of possible glacial action in Permo-Carboniferous 
times (pp. 1050, 1057-1060). 

The Permian system in the greater part of Europe, from the prevalent 
red colour of its rocks, the association of dolomite, rock-salt, saliferous 
clays, gypsum, and anhydrite, and the remarkably impoverished and 
stunted aspect of its fauna, has evidently been deposited in isolated basins 
in which the water, cut off more or less completely from the sea, under- 
went concentration until chemical precipitation could take place. ^ Look- 
ing back at the historj’’ of the Carboniferous rocks, we can understand 
how such a change in physical geography was brought about. The Car- 
boniferous Limestone sea having been by upheavM excluded from the 
region, wide lagoons, wherein coal-forming vegetation accumulated. 
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occupied its site, and these, as the land slowly went down, crept over 
the old ridges that had for so many ages been prominent features. The 
downward subterranean movement was eventudly varied by local eleva- 
tions, and at last, after the close of the Carboniferous period, the Permian 
basins came to be formed. As a result of these disturbances, the Permian 
rocks overlap the Carboniferous, and even cover them in complete dis- 
cordance, the denudation of the older formations having been, in some 
places, enormous before the Permian strata were laid down.^ 

In Southern Europe and thence eastwards, abundant evidence of open 
seas is supplied by limestone containing a rich pelagic fauna of foramini- 
fera, gasteropods, orthoceratites, and early precursors of the ammonites. 

Life. — ^The conditions under which the Permian rocks of the greater 
part of Europe were deposited must have been eminently unfavourable to 
life. Accordingly we find that these rocks are on the whole singularly 
barren of organic remains. So great is the contrast between them and 
older formations, that instead of such rich faunas as those of the Silurian, 
Devonian, and Carboniferous systems, they have yielded only somewhere 
about 300 species of organisms. 

The flora of the older Permian rocks presents many points of resem- 
blance to the Carboniferous.^ According to Grand’ Eury upwards of 50 
species of plants are common to the two floras. Among the forms which 
rise into the Permian rocks and disappear there, are Galamifes SucJcowii, 0, 
(tppro.rmutfu.'i, Asi&rophylUtes ''7 //■// />■, A, ngiduSy Pecopferis elegans, 

Odontopteris SchlotJheimii, Sigilhirl'/ lirnrn';; (and others), Sfigmami ficoides, 
Cordaites bmtssifolius, &c. Others, which are mainly Permian, are yet 
found in the highest coal-beds of France, e,g, CalamitcH gigas, Calamodendron 
stiiatum, Arthrqpitiis ezomtia, Tmniopfens aibnormis, JFalchia' &c. 

But the Permian flora has some distinctive characters ; such as the variety 
and quantity of the ferns united under the genus Calliptm'is, which do 

^ In some places, the whole of the Carboniferous system had been worn away down to 
the Carboniferous Limeatono, u^jon which the Penniau sandstonea and conglomerates have 
been directly deposited. The discordance, however, sometiines disappeai’s, and then the 
Carboniferous and Permian rooks shade into each other. 

^ See Gdppert’s ‘Dio Possile Flora der Permischen Formation,* Cnssel, 1864-65. E. 
Weiss, AhlutntU. Preim. (Je-ol. Lif./ulesamL iii. Heft 1. H. Potonie (Flora of the Tliuringian 
Bothliegende), np, oit. Neuo Folge, Heft 0 ; and “ Dio floristisclie Griioderung des Deutschen 
Carbon und Perm,” op. ciL Heft 21. In this Inst paper, Potonie has recognised ten 
successive iioras from the base of the Carlmuiferous system up into the Zechstein. Of these 
six are Carboniferous, viz.: — I. Tlio Culm, with Archfcoptem dissecta and abundant species of 
BAodm, II. The Hultschinor Schiohten of Upper Silesia, with Adiantitea oUongifolim and 
SpJimoptcTU cUgam, III. AsterocalamUes extends thus far, and from here onward comes 
MaTioptm''U mimctUa ; PmiUaria’ZovLa, IV. Upper limit of Neuropt&riit ScMehani ; many 
true Sphenopterids, PalmatopUm furcoda, Lonchoptmay &o. ; the richest flora in species, 
V. A floft. similar generally to the last ; from here onward, A%mClafna, atellata.. VI. Abun- 
dant Pecopterids ; from here onward, Sigillaria Bmnlii, VIL Base of the Permian Roth- 
liegeudes, with Qalliptma and \Vitlchia. VIII. To this point come Eumlamitea and 
Ccdamitbuiy but Carboniferous types are waning. IX. StylocaUmitea ascends to this 
division, and from here onward come XTUmamiia Brmini and Jiaiera digituta. X. Zechstein ; 
hence onward VoUssUi appears. 
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not occur in the Coal-measures, the appearance of Glossopteris and Ganr/a- 
mopteris^ the profusion of tree-ferns (Psaronms, of which 24 species are 
described by Goppert, Protopteiis, Gaulopieris, Zygopteris, Asteivchlmm, 
Seleiiiochlmm, TempsJcya, Medullosa, &c.), of Equisetites (Galamites 9mjor, 
C. decussatus, CL sfriatus, AHh'opitus)^ and of the conifers (Walchia pinir 
formis, W, filidformis^ W, hypnoideA^ Ulmannia BTonn% Z7. lycopodioides^ 
FoUzia hexagom, Piceites, Araucavioxylmi), The most characteristic plants 
throughout the German Permian groups are Odontoptem ohUisiloha, Callipteiis 
conferta, Calamites gigas, and JFalchia piniformis. The higher Eussian 
subdivisions of the system, and also corresponding rocks in India, 
Australia, and other southern regions, contain what is called the Glossoptms- 
flora, with G. indica, G. angiistifoUa, G. stricta^ Gangamopt&ns major, G. cyclop- 
teroides. The last representatives of the ancient tribes of the Lepidodendra, 
Sigillarioids, and Calamites are found in the Permian system. Cycads 
now gained increased importance in this and succeeding geological periods. 
Among their Permian forms are the genera Pt&i-ophyllmi and PaygopJn/Uuhi. 
In extra-European Permian areas a marked commingling of Northern 
and Southern types of vegetation has been observed, forms of VoUm, 
Pt&i'ophyllum, and Glossoptms being, there prominent, together with species 
of Lepidodendron and Sigillaria,^ 

The impoverished fauna of the Permian rocks of Central Europe is 
found almost wholly in the limestones and brown shales, the red con- 
glomerates and sandstones being, ag a rule, devoid of organic contents. 
A few corals (Polycodia) and polyzoa {Fenestella, Phtjllopora, Synoclculm, 
Thamniscus, Acanthocladia) occur in the limestones, the latter sometimes 
even in continuous masses like coral-reefs, as in the dolomite-reef of S.E. 
Thuringia. The last of the cystidean echinoderms died out in Permo- 
Carboniferous time. Among the brachiopods (Fig. 411 a, h), of which 
some 30 species are known, the most conspicuous are forms of ProdiicUi.^ 
Camarophm*ia,Spinfer,Athy7is,Strophalosia, Ohonetes, Chonetina, oxidAulostcgcs, 
The long-lived families of the Productidse, Orthidse and Pentameridse now 
appear for the last time. Lamellibranchs are not infrequent, characteristic 
genera being Schizodus (Fig. 411 <^), Allorisma, Solemya, Ed^wiidia, Plmiro- 
phorus, Pardldodon, Aucella, Psmdomonotis, Eakevellia (Fig. 411c), and 
Pectm (Streblopteria), while the Eussian brackish or freshwater strata 
contain Palssomutela and Oligodon, Among the few gasteropods, forms of 
jYaticopsis, Turbo, Mmhisonia, Pleurotomaoia, Cymatochiton, and Pktgioglypfa 
have been recorded. An occasional TeonuocheUus, OrtJwcmm, or Cyrtoevras 
represents the rich cephalopodan fauna of the Carboniferous Limestone. 
The last trilobites {Phillipsia) have been found in the Permian rocks of 
North America. 

^ These fems, however, are foiiud, as we have seen, in the Upper Carboiuferous or Pertno- 
Carboniferous rocks of Australia (p. 1059). ^ 

® Zeiller has recorded the association of Gangamopteris with Lepidodendron and 
LepidopMoios in the coal-beds of Rio Grande do Sul in Brazil (B. 8, 0. F, xxiii. (1895), p. 
601). A Lepidodendron has been met with in Argentina among the Glompteria-toxs, {Jiec, 
Gtol, Itidia, xxix. Part it (1896), p. 58), and Sigillaria in similar company in South 
A&ica (A. C. Seward, Q. J. G, 8. liii. (1897), p. 316). 



SECT, V S 1 


PERMIAN SYSTEM 


1067 


It is not, however, from the sites of the brackish inland seas of 
western and central Europe that we can obtain the best conception of 
the animal life of Permian time. If we pass southwards into the Alps 
and the Mediterranean basin, or eastwards into the Uralian region and 
thence into India, we find that while some of the European forms extend 



Eli?. 41].— romiiaii Bmchlopnds and MollimkK. 
a, Stroplialosla GoMfiiaai, Miinst. (enlarged) ; Productus Iioiridns, Sow. ; e, Bakevellia 
tumlda, King ; SclilitotiuN Schlotheimii, GeiniU. 


into these areas, they are accompanied by many hundreds of other species. 
One of the most remarkable features in this richer pelagic fauna is 
the great number of the cephalopoda and the afiinities which many of 
them present to the Ammonites so characteristic of Mesozoic time.^ 
Among the Permian genera of this type .are Adnmites, Medlkottia, Popano- 



Fig. 412.— PaluBonlscus niacropoinus, Ag. (i) Kupfi^rHchlefor. 
From a rostoration by I)r. Tratiuair. 


SiUcheoceraSj Thdassoceras, and JFaagenoceras, They are associated 
with many forms of OHhomm^ OfjroceTas^ and some which have been called 
Nojidilm (though probably belonging to other genera) — a blending of 

^ On the structure and olassidoatiou of the Permian Ammonites see E. Hang, B, S, G, S. 
xxii. (1894), p. 385. 
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Palaeozoic and Mesozoic types which is much less clearly shown in central 
and western Europe. 

Fishes, which are proportionately better represented in the European 
Permian rocks than the invertebrates, chiefly occur in the marl -slate or 
Kupferschiefer, the most common genera being Palmniscm (Fig. 412), 
which is specially characteristic, Platysomiis (Fig. 413), Pygopteriis, 
Acardhodes, Acrolepis, and AmUyptmis, 

Amphibian life appears to have been abundant in Permian times, 
for some of the sandstones of the system are covered with footprints, 
assigned to the extinct order of Labyrinthodonts. Occasional skulls and 
other bones have been met with referable to ArcJiegosaurus, BramMosaurus^ 
{Protriton, Plewrohuura), Zygosaui'us, &c. The remains of comparatively 
few forms, however, had been found until the remarkable discoveries of 
Dr. Anton Fritsch in the basins of Pilsen and Pakowitz in Bohemia. The 
strata of these localities have been already (p. 1055) referred to as contain- 



Fig, 418 .— Platysomus striatus, Ag. (0, Magiioslan LimeHtouo. 

Restored by Dr. Traqiiuir. 

ing an abundant and characteristic coal-flora, yet with a fauna that is iis 
decidedly like that of known Permian rocks. According, therefore, as wo 
give preference to the plants or the animals, the strata may be ranked as 
Carboniferous or as Peimian. Of the numerous Saxon and Bohemian 
species of amphibians, Professor Credner in Dresden and Dr. Fritsch in 
league have published elaborate descriptions. Among the genera aro 
Branchiosaurus, a form resembling an earth-salamander in possessing gills, 
and of which the largest specimen is only about 2 J inches long), Sparodm, 
Hylorwrmis, Dawsonia, Mehneipeton, Dolichosorm, Ophiderpeton, Maa^omcrion, 
Urocordylus, Limneipeton, llyloplesiuii, Seeleya, Microhrachis, DiploqtO'ixdyluH, 
Nyt'cmict, and JOendrerpeton. Some of these forms are remarkably small. 
The adult Protritonidse, for instance, were only from 2^ to inches 
long. Other types, however, attained a much larger size, Palmdre^n, for 
instance, being estimated to have had a length of 45 feet.^ From the 
^ A. Fritsch, ‘Fauna der Gaskohle und der Kolksteiuo der Permformation IJohmeiw,* 
Prag, 1881. See also H. Credner on Stegoce^hnli from the Eothliegendos of Dresden, 
Z, IJ, G. G* 1881-86. B. D. Cope, Amer, Nat, xviii. (1884). 
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corresponding strata of Autun in Central France, M. Gaudry also de- 
scribed some interesting forms — Actimdon^ Bmnchiosaiirus, Eucldrosaurus, a 
larger and more highly organised type than any previously known from 
the PaliEOzoic rocks of France, but inferior to another subsequently found 
at Autun, which he named Stercorlmchis^ and which was distinguished by 
completely ossified vertebrae and other proofs of higher organisation that 
connect it with the Theriodonts of Eussia and Southern Africa and “with 
the Pelycosaurians of the United States.^ Various other anomodont 
reptiles have been met with, referable to a number of genera {Pareiasaurus, 
(fee.). Of still higher grade were other types, to which the names Naosaurus, 
nquindroim, Profsvomums^ and Palmhatteria (Ehynchocephalia) have been 
given. Some remarkably successful researches have in recent years been 
cjirried on by Professor Amalitzky among the Eussian upper Pennian forma- 
tions, where he has disinterred fifteen or twenty skeletons of Pardasmms^ 
some of which must have been four metres in length, four skeletons of 
reptiles resembling the Ehopalodonts, some bones belonging to Dicyno- 
donts, many new genera of Theromorphs and probably of Deinosaurs, 
and lastly some stegocephalian skeletons {Melm&i'peton and others).® 
Other traces of the terrestrial life of the time are furnished by the 
occasional occurrence of the remains of orthopterous insects,® scoipions, 
and millipedes. 

No satisfactory scheme of subdivision of the Permian system has yet 
been devised capable of general application. In Eui’ope, where the 
terrestrial and maiine types of sedimentation are so well developed, it 
has boon proposed to adopt a threefold arrangement. The lowest sub- 
division, which has been named Autunian (from Autun in France, where 
it displays the type with a terrestrial flora) or Artinskian (from Axtinsk 
in Eussia, where it presents the marine facies), includes Carboniferous 
genera and even species of plants and animals, but with a proportion of 
novel forms. The middle includes the Eed Sandstones, which in Saxony 
and tlic north-west of England attain such development, and has been 
termed Saxonian, The upper comprises the English Magnesian Lime- 
tones iind German Zochstein, and as it is typicsClly displayed in Thmingia 
it has received the name of Thuringian. 

S 2. Local Development. 

Britain.'* ** — In Kuffland on a small scale, a representative is to be found of the tv7o 
coutraHted types of tlie Kuropeaii Poimian system. On the east side of the island, from 

* Gaudry, /?. K 0* F, vii. (8 sdr.) p. 62 ; ix. p. 17 ; xiil p. 44 ; .\iv. pp. 430, 444. 

‘ hes Kuolialnenieuts du Monde Animal,’ 1883 ; Ardu Mus, Nat Paris, x. (1887). 

“ Commit 'mut March 1901 ; Seeley, Phil, Trans, clxxxv. (1894), p. 663. 

** M. Geinitz, Nrms Jahrb, 1878, p. 691 ; 1876, p. 1 ; Niyi\ Act. Levp. Carol, xli. 2 
(1880). 

* Sedgwick, TWww. Oeol, Soc. (2) iii. (1886) p. 87 ; iv. 383. De la Beche, ‘ Geology of 
Oornwall, Devon,’ &c. p. 198. Murchison, ♦Siluria,’ p. 308. W. King, ‘Monograph of 
the l»crmian FokbUs,’ PaJmoniog, JSoo, 1860, Hull, ‘Triassic and Permian Rocks of Midland 
Counties of England,’ in Mm. Oeol. Svrv. 1869 ; Q, J. O. S. xxv. 171 ; xxix. p. 402 ; 
xlviii. p, 60. Itanisay, op. dt, xxvii, p. 241. Kirkby, ojp. cU, xiii. xvL. xvii, xx. E. Wilson, 
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the coast of N'orthumberland southwards to the plains of the Trent, a true ‘‘ Dyas ” 
development is exhibited, the Magnesian Limestone and Marl Slate forming the main 
feature of the system ; on the west side of the Pennine chain, however, the true Permian 
or Russian facies is presented. The system is in this country most nearly complete iu 
the north-western and south-western counties of England. Arranged in tabular fomi 
the rocks of the western and eastern areas may be gi'ouped as follows : — 


Red sandstones, clays, and gypsum . 
Magnesian Limestone . . . \ 

Marl slate i 

Lower red and variegated sandstone, S 
reddish brown and purple sand- 
stones and marls, with calcareous | 
conglomerates and breccias . .J 


W. of England. 
600 ft, 

10-80 „ 
3000 


E. of England. 
50-100 ft. 

600 „ 


100-250 „ 


Lower Sandstone. — This subdivision attains its greatest development in the vale 
of the Eden, where it consists of brick -red sandstones, with some beds of calcareous 
breccia, locally known as “brockram,” derived principally from the waste of the Car- 
boniferous Limestone. These red rocks extend across the Solway into the valleys of the 
Nith and Annan in the South of Scotland, where they lie unconfonnably on the Lower 
Silurian rocks, from which their breccias have generally been derived, though near 
Dumfries they contain some “ brockram.” The breccias have evidently accumulated in 
small lakes or naiTow ijords. In the basin of the Nith, and also in Ayrshire, numerous 
small volcanic vents and sheets of diabase, picrite, olivine -basalt, andesite and tuff are 
associated with the red sandstones, marking a volcanic district of Pemiian age. The 
vents rise through Coal-measures, as well as more ancient rocks. Similar vents in 
Fifeshire, also piercing Coal-measures, have been referred to the same volcanic period. 
Of these vents no fewer than eighty have been observed in a space 12 miles long by 6 
or 8 broad between St. Andrews and Largo. In Devonshire similar rocks mark tlio out- 
pouring of lavas in the early part of the Permian period.^ But these volcanic }>heno- 
mena were on a feeble scale. They are interesting as marking tlie close of the long con- 
tinuance of volcanic activity during Paleeozoio time. Neither in Britain nor, save^at one 
or two places on the Continent, has evidence been found of renewed eruptions during 
the long lapse of the Mesozoic ages. 

In Central England, Staffordshire, the districts of the Clout and Abbcrlcy Hills and 
the lower basin of the River Severn, the rocks hitherto classed as Permian have been 
subdivided into three groups ; Ist, Lower Sandstones and marls, 850 feet ; 2ud, Breccia 
and conglomerate group, averaging perhaps 200 feetiu thickness, with bauds of calcareous 
conglomerate and the remarkable “trappoid” breccia which Ramsay adduced as 
evidence of glacial action (p. 1060) ; 3rd, Upper Sandstones and marls, 300 foot. Tin* 
lower of these groups has been shown from its fossil contents to bo really a ]>ttrt of the 
Upper Coal-measures, while the uppermost has much affinity with the Trias.® There 
appears to be no doubt that there is a practically unbroken series of rod strata 1500 
feet thick extending downwards into unquestionable Coal-measures and upwards into 


qp, cit. xxxii. p. 533. D. C. Davies, op, ciL xxxiii. p. 10. H. T. Brown, cp, ait, xlv. p. 1. 
H. B. Woodward, Gedl, May. 1874, p. 385 ; ‘Geology of England and Wales,* p. 210. T. 
V. Holmes, Q. J, G. S, xxxvii. p. 286. W. T. Aveliue and H. H. Howell in various Meirurirs 
GeoL Sviv. T. G, Bonney, Midland NaturedM, xv. (1892). W. W. King, cp. oU, xvi, (1893), 
p. 26 ; <^, J, G. S. Iv. (1899), p. 97. R. D. Oldham, op. dt. 1. (1894), p. 463. s 

1 A. G., Geol May. (1866), p. 243 ; Q. J. Q. S. (1892), Presid. Address, p. 147, and 
‘Ancient Volcanoes of Great Britain,’ vol. it The Fife volcanic vents have been described 
by me in detail in tlic,^/^^. Swv. Mmoir on Eastern Fife, 1902, chaps, xvii.-xx. 

® T. 0. Cantrill, 0. A li (1896), p. 628. W. Wickham Kjng, op. oU. Iv. (1899), 
p. 97. ^ 
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cations of various tufls, not iinfretjueutly enclosing organic remains.^ In the district 
of the Saal these volcanic inatoriala form almost the whole of the Lower Rothliegendes, 
and have heeii horod through to a depth of more than 1100 fathoms without their 
bottom being roachod. The lowest or Landsberg-LbhejUner porphyry with large 
crystals has been computed to cover an area of 255 to 260 sq^uare kilometers, and to 
contain at least 80 cu])ic kilometers of material — a mass which may eq^ual or exceed 
that of the eruption of Skaptar Jdkul in 1786.^ From the veiy nature of its 
component materials, the. Rothliegondos is comparatively bai’ren of fossils ; a few ferns, 
calamites, and remains of coniferous trees are found in it, particularly in the lower part 
of the grou]i, where they form thin seams of coal. 

The plants, all of terrestrial growth, on the whole resemble genencally the Carboni- 
ferous llora, but seem to bo nearly all specifically distinct. They include forma of 
Ciilaviitcs {0. (tifpa), AstcrophyllUes^ and ferns of the genera Callipteris {C, conferta)^ 
SpJicn(^)tfiris^ '*!• ' >'•" *.«. Nearoptfyn\% Odoiiiopteris^ with well-preserved silioified stems 
of trCG-Jerns TuhictmUs), CordaUcSt and conifers. The conifer JYalchid 

( fr. pinyormia) is spccisilly characteristic. The mollusks have a fresh- water or lagoon 
facies {AnOinicoHla)^ There occur also species of oatracods {Esiheria), while occasional 
traces of insects {/l/aUinaf EfuhlatHiia) have been met with. Fish i*emains occm* 
sparingly (Ainhhjpturusj Accmitlhodes^ Plcuracanthm, Otenod'iis)^ while, as 

already stated, labyriuthodonts have been found in the Dresden distiict in consider- 
able number and vari(‘ty. 

The Zcchstciu group is characterised by a suite of fossils like those of the Magnesian 
Limestone group of England. The Kupferachiefer contains numerous fish {Pala'.ooimus 
Freit'slchmif P/atffnouuiis (/ihbmtSf &c.) and remains of plants (coniferous leaves and 
fruits, XJllm minute &c.). This deposit is believed to have been laid down in some 
enclosed sea- basin, the wat<‘i‘s of which, probably from the lise of mineral springs 
connected with sonic of the volcanic foci of the time, became so charged with metallic 
salts iu solution aft to bo unlit for the continued existence of animal life. The dead 
fish, plants, ka., by their decay, gave rise to reduction and precipitation of' these salts 
as sulphides, which tliereu]»on cuclose<l and replaced thc» organic forms, uud permeated 
the mud at the bottom. This old sea-Iloor is now the widely-extended band of copper- 
slate which has boon so long and so extensively worked along the flanks of the Harz. 
Alter tho fonnatioii of the Kuplcrachiofer the area must have been once more covered 
with clearer water, for tho Zechstiau Limestone contains d number of marine organisms, 
among which PrtMimtm hirrhhis, Spirifer alatuSi Strophalosia Qolc^fussh, Tcft'cbrcUxUa 
{Divlmimt) HotmaHt, Ommrophorm SdUot/mviUf SMzodus ohsmrus,’ and Femstella 
rHlfoniivt arc eommou. ,K«*newed unfavourable conditions ar« indicated by the dolomite, 
gypsum, and rock-salt which succeed. Reasoning upon similar phenomena as developed 
iu England, Ramsay «()unected th(‘m with tho ahuiidunt labyriiitliodont footprints and 
otlun* evidences of shores and land, as well as with tho small number and dwarfed foms 
of the Hindis iu tho Magnesiau Limestone, and speculated on the occurrence of a long 
“eoutinoiital period” in Europe, during one epoch of which a number of salt |f^d 
Reas existed wlicndn the Permian rocks w’ero accumulated. Ho compared these depjsits 
to what may bo supposed to be forming now in paits of tho Caspian Sea. 

Homo of the deposits of tho Zeohstciu in Germany have a great commercial value. 
The hwU of rock-salt are among tho thickest in the world. At SperenboJg, near Berlin, 
one has ht‘.eu pieroed to a depifii of nearly 4000 feet. Besides rock-salt and gypsum 


^ The petrography of these rocks (augite-porphjTite, basaltic, cliabasic, and doleritic 
nudaphyivh) is described from the Upper Permian series of the Palathiato by A. Leppln, 
Jtdi/i*, Pr&ttS8, QeoL Layulesanst, xiv. p. 134. - , 

F. Boysohlag and K- von Fritsch,'AWfeM^ Preym. GeoL I^ndmnk,, NeueFolgo, No. 
10 (1900), p. 162. 

VOXj. H 2 B 
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there occur with tliose deposits thick masses of salts of potash (Caniallito;, magnesia 
(Kieaerite), and other salts. ^ 

In Bohemia (pp. 1054, 1068) and Moravia, where the Permian system is exten- 
sively developed, it has been divided into three groups. (1) A lower set of conglomerates, 
sandstones, and shales, sometimes bituminous. These sti’ata contain diffused copper 
ores, and abound here and there in remains of land-plants and fishes. (2) A middle 
group of felspathic sandstones, conglomerates, and micaceous shales, with vast numbers 
of silioified tree-stems [Araucarites, Psaroniui), (3) An upper group of red clays and 
sandstones, with bituminous shales. Eruptive rocks (melaphyre, porphyrite, &e.) are 
associated with the whole formation. The Zechstein is here absent. In place of the 
marine shells, crinoids, and corals so characteristic of that formation, the Bohemian 
Permian strata have yielded the remarkable series of amphibian remains already alluded 
to, together with abundant traces of the land of the period, such as remains of orthop- 
terous insects, scorpions, millipedes, and a rich terrestrial flora Nmraptcris, 

Odoivtopteris, PecopteriSy AlethopteriSj Callipt&ris conferta^ SchvtopUns, CdlamitcSy 
AsterophyllUes, Sphenophyllimt Lcpidodefudrmif Sigillm'ict, Walcliv^ Armicarioxylon). 

Vosges. — In this region the following succession of sti'uta has been assigned to the 
Permian system : — 

4. Kohlbiiohel group of red arkoses, felspathic sandstones, shales, conglomerates, 
breccias, and dolomite, 600 to 600 feet, with intercalated sheets of mela- 
phyres and tuffs. 

8,. Variegated tuffs and marls of Meisenhuckel. 

2. Dark shales, limestones, and dolomites of Heiseustein. 

1. Arkose and shale {Oalliptem mrfeHa)^ with conglomerate (sometimes 150 feet 
thick), containing blocks of porphyry, gneiss, quartz, &c, filling up hollows 
of the crystalline schists on which they lie unconformahly. 

The existence of volcanic action during Peraiian time in this region is shown by 
the presence of interstratihed basic lavas, and by the great quantity of fragments 
of quartz -porphyry in the conglomerates, which have been compared to volcanic 
agglomerates.^ 

France, &o. — Permian rocks occur in many detached areas in Franco. Tu the central 
plateau they are found most fully developed, resting upon and passing down into the 
higher parts of the Carboniferous system. They have been carefully studied in tho 
district of Autun, where the lower part of the Pennian system is rc])rcscntcd by a 
mass, 900 to 1000 metres thick, of alternations of sandstone and shale, more or loss 
rich in hydrocarbons, with tbiu bands of magnesian limestone. No marine fossils occur 
in these strata, even the magnesHin litnestono containing only fresh-water organisms. 
From the distribution of the fossils a threefold stratigraphical subdivision of the 
whole series has been made. 1st, A lower group at least 150 to 200 metros thick, 
lying conformably upon the Coal-measures, and containing numerous fonis (Pcco}danSf 
abundant), JSigillarm, Cordaites, a profusion of JYalchia, large numbers of seeds 
or fruits, cyprids crowded in some layers of slialo, a crustacean (EGcMmi), a 
number of fishes (PaltsmiisGiiSf Amhlypterus, AcaTUJiodcSt Pkm'acanthm\ and the 
amphibians and reptiles abeady referred to (Actinodon^ Eudiiromtmw, PitemThachiH). 
2nd, A middle group about 300 metres thick, showing a cessation of the character- 
istically Carboniferous species of plants, and an increasing prominence of ty))ically IVr- 

^ P. Bischof, ‘ Die Steinsalzwerke bei Stassfurt,’ Halle, 1875, 0, Ochsenius, ‘Dio Bildung 
ddt Steinsalzlager,’ Halle, 1877. Preclit, ‘Die Salzindustrie von St^fiirt,' 1885. Kloos, 
Zeitsoh, prdkt QeoL, 1896, 1897. 

* Benecke and Van Wervecke, Mitth, GeoL LandeamisL Elatm-Lotlu vol. iil. (1890), 
p. 46. Velain, B, S, E. s4r. 3, xiiL Eck, * Geogn. Karte d. Uiug. von,Lahr.* (1884) ; 
‘Geogn. Karte v. Sohwartzwald ’ (1887). A bibliography for Alsace and Lorraine will be 
found in Abth, Geol, l^eciciZkart. u, Elsass-Lothrmgmit vol. i. (1876), and vol. for 1887. 
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inian forms. Numerous species of Pecopteris still occur, but CaUipteris makes its appear- 
ance (Q. couferta, 0, gigantea). TFalchia {W. pinifomis^ W, Jiypnoides), Galamites, 
Sphoiophyllum^ Calai)wclmidroni and fruits abound. The animal remains resemble those 
of the lower group, but with the addition of Bra'iichiosaw'us, 3rd, An upper group 
locally known as that of the “Boghead,” from a workable band of bituminous 
shale or ooal.^ The thickness of this group is about 600 metres, the upper portion 
consisting of red sandstones without fossils. The flora is now markedly Permian. 
Pocopterid ferns are lare, and are specifically distinct from those in the group below. 
There is an abundance and variety of Oallipteria^ together with Sigillaria, abundant 
TFalcfbia, and AsterophyllUes, Piccites, Sphenophyllum^ Carpolithm^ &c. The fauna is 
generally similar to that in the middle group, but less varied. ^ 

In the extreme south of France, between Toulon and Cannes, Permian rooks re- 
appear, and though occupying but a limited area, constitute some of the most pictur- 
esque features along the Mediterranean shores of the country. They consist of lower 
massive conglomerates, with intercalations of shale, containing Walehia and Callipterist 
followed by shales, marls, red sandstones, and conglomerates. But their distinguishing 
feature is the enormous mass of volcanic materials associated with them. The lower 
conglomerates, besides their fragments of gneiss derived from the pre-Cambrian rocks 
of the district, contain abundant pieces of quartz-porphyry, of which rock also there 
are massive sheets, that rise up into the well-known group of hills forming the 
Esterel between Cannes and Frdjus. Besides these acid outbm’sts in the older part of 
the formation, sheets of melaphyre are found in the upper part, while dykes of nodular 
felsite, pitchstone, and melaphyre traverse the series.^ 

Farther etist the terrestrial facies of the rocks is well displayed in Tuscany, where 
the shales of Monte Viguale and other localities have yielded an abundant flora of ferns, 
Walchia, &c.'‘ 

Westwards in the region of the Pyrenees, and in various parts of the Iberian peninsula, 
rocks believed to be Permian have been recognised. They have in some places furnished 
marine fossils like those of the Artinsk stage ; in others land-plants, including Walcfiia. 
They frequently present thick masses of conglomerate, sometimes resting upon Carboni- 
ferous rocks, sometimes on formations of older date.*^ 

1 ** Boghead,” so uamed from a place in Linlithgowshire, Scotland, where the substance 
was first worked for making gas and oil p. 184). The so-called “Boghead” of 
Autun has been ascertained to contain a large quantity of the remains of gelatinous fresh- 
water algai, mingled with the pollen of ConkUten; B. Renault and C. E. Beitrand, Soc, RisL 
Nat, AutitUi 1892. 

E. Roche, 7i. N. (L P\ ser 3, ix. (1880), p. 78. See also the series of ‘Etudes des 
Oites Miiicraux,’ published by the Ministry of Public Works in France, particularly the 
volumes by Delafoiid on the Autun Basin, and by Mouret on tliat of Brive ; likewise the 
Memoirs by Grand’ Eury already cited, and his communication in Cmpt, r&nd, CongrSs^ 
HSol. Intermt,^ Paris (1900), p. 621. Bergeron, *]^ude G^ologique du Massif an sud du 
Plateau Central,’ and B, S, O. F, sfir. 3, vol. xvi. Professor von Reinach, Z. 1), G, O. (1892), 
p. 23, gives a careful comparison of the French central plateau Permian rocks with those 
•of the Saar and Nahe. 

F. WallerauT., ‘ ^Itude Strat. P4trog. des Maures et de TBsterel,* 1889, p. 89 ; Carte 

Retain, Giiol, France^ Feuille d’ Antibes. Michel Levy, B. S, G, F. vii. (1870), p. 768 ; 
Biill, Carte GH, France^ No. 67. Potier, B, N. G, F, s6r. 3, v. p. 746. ^ 

* C. ye Stefani, “Flore Oarbouifere e Permiano,” R, Jstitut, St^id. Superior, Sci, Fis, 
Nat,t Florence, 1901. 

® See J. Roussel, “ fitude Stratigrapbique des Pyrenees,” B\dl, Carte Q6ol, France^ No. 
35 (1893). B. de Margerie and F. Schrader, Ana, CM Alpin, Frankie, xviii. (1891). 
Viguier, ‘fitudes Geol. sur Dept, de I’Aude,* Montpellier i(1887), p. 286. Garalp, 
B, S, C, F, (3), xxii. and xxiv. 
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' Alps. On both sides of the Aljane chain a zone of conglomerates and sandstones, 
which intervenes between the Trias and older rochs of the region, has been refeiTed 
in part to the Permian system. The conglomerates (VeiTucano‘-^) are made up of the 
detritus of schistose rocks, porphyries, quartz, and other materials of the central core 
of the mountains. They sometimes contain sheets of por^diyiy, and occasionally, as at 
Botzen, they are replaced by vast masses of quartz-porphyry and other volcanic rocks, 
with tufts and volcanic conglomerates, indicating vigorous volcanic action. An inter- 
calated zone of shales in the lower conglomeratic and volcanic part of the series in the 
Val Tromx^ia has yielded Walchia, JF, filiciforiniSf Schizoptcri^ fttscicidat((, 

Spli&iiopUyi'is tridactyliteSf &e., and serves to mark the Permian age of the rocks con- 
taining these plants. Eastwards, at Fiinfkirchen, in Hungary, in a coiTeHi)onding 
position below the Verracano conglomemte, a group of younger Ponniaii ])lants has been 
found, including species of Eaiei'a^ Ulhmnnia^ Voltzm, Schizolepis^ and CarjiolUhm, 
nearly half of which occur also in the German Kupferschiefer. Above the couglomorato 
or the porphyry comes a massive red sandstone called the “Grbden vSandHione,” 
containing carbonised plant-remains. But the most distinctive and interesting feature 
in the Alpine development of the Permian system is found in the upper x^ortion of tlui 
series in the southern region of Tyrol and Cariiithia. The red GrOdcii sandstone is 
there succeeded by beds of gypsum, rauchwacke, and dolomite, above which comes a 
bituminous limestone known, from the abundance of species of Bdlcrophon, as the 
“Bellerophon Limestone.” This calcareous member is highly Ibssiliferous. It con- 
tains an abundant mai’ine fauna, which includes numerous species of Belleroplion, and 
species of Nautilus'' (so called),’ Pecien, Ammlopccfmt Avimhi^ BakeocUUi^ 
Schizoclus, Spirifei' (7 species), AthyriSf StrepiorhyneJms^ (hihl% LvpUvna, Product its, 
and Fumlina, Nearly all these are peculiar species, but the Sclihadus^ Bakv.vellia, and 
Natica connect the assemblage with that of the Zechstoin. 

It is interesting to trace in this Bellcrophon Limestone an iiuliciition of tin* 
distribution of the more ox>en sea of Permian time in the European area. Wliilc the 
Zechstoin was in course of deposition in isolated Caspinn-like basins across the C(‘ntre <ft* 
the Continent, calcareous sediments were accumulated on the floor of the oj)cncr sea 
already alluded to as lying to the south, over the site of the present Mediterranean, and 
stretching eastwards aci’oss Russia and the heart of Asia. A portion of this scja-lloor lias 
been detected in Sicily, where near Palermo M. Gommollaro has described the abundant 
fauna found in its limestones. Foraminifera (Fitsulim) abound in these rocks, but 
their most remarkable feature is the number and variety of their cephalopods, which, 
besides Palmozoio types {GoniatiteSj Gasirioceras, OrChoceras), comprise many n(‘W 
forms (17 genera and 64 species) akin to the tribe of Mesozoic Amiuonitcs 
(Adrianites, Agathiceras^ Oyclolobus, Laradites^ McdlicotUitf ParaprmiorUcs^ Popauu’- 
ceras, Stacheoceras, Waagemceras), also gasteropoda {Belhrophmi, Plmrotomaria^ fte. » 
and brechiopods.® In the valley of Montenotte, Western Liguria, jaspers have bciMi 
found among the sericitic schists, containing numerous genera and species of riidiolaria, 
regarded as of Peimian age.** 

1 B. Suess, Sitzb. Akah. Wien, Ivii (1868), i)p. 230, 763. G. Staclie, I), U. tf, xxxvi. 
(1884), p. 367 ; JaJirh, h. k, Geol. lidohsanst xxvii. (1877), p. 271, xxviii. (1878), p. 93 
(giving the fauna of the Belleroplion Limestone); Verluind, k. (M, Iteichmnst, (1888), 
p. 320. E. Mojsisovics, ‘Die Dolomit-Rilfe von Slidtirol und Venetien* (1879), chap. iii. 
Fraas, ‘Scenerie der Alpen.’ Milch, ‘Beitnige zur Keniituiss dos Verrucauo,* Leipzig, 189t). 

2 The age of this rock, like that of the Flyaeh, has been long discussed. Ufhas been 
claimed successively as Liassic, Carboniferous, Triassic, and Permian. It probably re])veHoutH 
a peculiar phase of sedimentation w'hioh persisted through successive geological periods. 
See a recent statement on the subject by C. De Stefani, op, supra dt, p, 329. 

® Professor Gemmellai’o, ‘La Fauna del Oulcari con Fusullna/ &c. Palermo, 1887-89. 

^ 0. F. Paroua and G. Rovereto, Atti Accad. R, BgL Torino, xxxi. (1895). 
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Eussia.^ — The Permian system attains an enormous development in Eastem Europe. 
Its nearly horizontal strata cover by far the largest part of European Russia. They lie 
confoimably on the Carboniferous system and consist of sandstones, marls, shales, 
conglomerates, limestones (often highly dolomitic), gypsum, rock-salt, and thin seams 
of coal. In the lower and more sandy half of this seiies of strata remains of land- 
plants {Calamitcs giyitSf OycloitcriSi Peeo^teriSf &c.) fishes {PaXs&oni8CU8\ and labyiin- 
thodonts occur, but some iiiterntratified bands yield Produetics Cancriiii and other 
marine shells. The rocks are over wide regions impregnated with copper-ores. The 
upper half of tlie series consists of clays, marls, limestones, gypsum, and rock-salt, 
with numerous marine mollusea like those of the Zechstein {Productiis Cancrini, 
P. ho7'i'idfiSj CavtaropJioria Schlotheimii), but with a rather more abundant fauna, 
and with intercalated l3anda containing land-plants. 

Much attention has been given in recent years to these rocks, which have now been 
brought into closer compaiison with those of other regions. As developed on the 
western slo])e of the Ural Mountains, they have been found to consist of the following 
groups of strata : — 

Red clays and marls, with intercalated sandstones and limestones, almost 
wholly unfoHsiliferoua, but with a few lamellibranchs resembling Unio {CarbonicoUo 
[A^vfhracmiu] and C, imbonatm). This thick gi*oup may possibly be partly 
or wholly Triassic. 

sandstone, permeated with oxide and sulphide of co]3por, nnd 
r-i'i..". . ; ■*: « -ii - of OalamUes [gigt's]. [lohatOf et'osa), Oifliftf' ,'lit 

{ddiqua, covfcrUi), KnorriHy &c. 

Marls, sandHtones, >1 • •:i.* »* ; 'v -i - with ill-preserved plants (wliich seem to be 
on the whole like tliose of tlio Artiusk group below), Oarbonicola {Unic) castor, 

<J. KiHhoniffits, 0, / •’. J. ••■./s, Acrolepis^ while some of the 

•sandy marls contain a -'i: - : fauna, Prodnetns Cancrini, P. 

konhickumus, Athyris rr'*’. Bpiriferlitieatm, 

CypHcouH liiue.stoii(jH -s \ ■ -h. 

Artinsk gi’ouj) of sandstoneH, conglomerates, shales, marls, limestones, and 
dolomitc.s, stretching from the Arctic Ocean to the Kirgiz Steppes, and lying 
conformably on the Oarlwniferous Fusuliua Limestone. Onhis gi-onp contains a 
remarkably abundant and varied assemblage of fo.ssils. The plants include species 
of Vafumites, NQtjgetathM, ^phenapUtrk, OdoiUoptms, &c. The co’^’pr’ei** 

a mnnber of conimon Oarhonilurous shells such as Eroductus - •> /■ 

/^ ro/vi, i*. longitgnnm, 7^ srcthticidus, OrOwthHes cmiistriaH, 

but with these arc found many new of pcydnlnpoil-^ iiko iln- an inoiioid forms 
above allutlcd to as oc<Jumng in the licllcropbon l.iincsbuif of the Tyrol [Agathi- « 
emts, (fttsfrherrus^ Medlnvttia, !*!•/••• nO’V, Pn.i onfrs]. About 300 species 
of fossils have been found in the gi’oup, of which a lialf also occur in the 
Carboniferous system, and only about a sixth in the Permian nbove.*'^ 

The recent n^seaKjhes of ProfcHsor Amalitzky in the basins of the Soukhona and 
Dwina in the north of Russia have tlirown much light on the Pennian deposits of that 
vegioti ami tlioir oiiuivalcntH (‘Iscwhorc. These formations coinpiise examples of niaiine 
and continental so«limentjition ; the latter contain in their lower stages a Lepidodeudroid 
flora of the typo of the German Rothliogondcs, while in their upper, stages, consisting of 
marls and varicgati*d samlstonos, long believed to bo unfossiliferous, a lich fhuna of 
frcsh-wat<*r inollusks jind other organisms has been detected. The uj)per Permian 
deposits of the lower coarse of the Soukhona and the upper pox*tion of the Dwina are 
capabh* of being grouped as under in dcscouding order : — 

^ Sector the earliest descriptions ‘Russia and Ural Mountains,’ Murchison, De Verueuil, 
an<l Keyserling, 4to, 2 vols. 1845. 

*■* A. Kmsuopolsky, Om, Rim. xi., (1889), No. 1. A. Karpinsky, Yerhaiid. 
k. Min,. Umll. Ht. Petmbourg, lx. (1874), p. 267; Mhn. Acad. JSt. Petershourg, 1889. 
T. Tschernyscliew, Virh, d. k. Min, das., St. Petorsbourg, 1886 ; MSm, Com. dedl. Him, iii. 
^1889), No. 4. 
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4. Marls and sandstones (=upi)er Zechstein) with '.A'f'itho- 

dadia anceps^ Edmondia elongata^ Lomnema Uihsom, L. and 

'Hm'bo dbtimis. 

8. Glossopterian stage, consisting of marls and lenticular sandstones, with the 
Glossopteris flora and a remarkably varied fauna. 

2. Marls and sandstones with a Lower Peniiiaii flora {^0(dlipt&i'is couferta^ 
Lcpidodendron, &c.). 

1. Sandstones, marls, and sands with a Lower Permian marine fanna {( fehndtdllo 
columnaris^ Feiiestdla vetifoTmia^ Productna Oa^ioi'ini, MacroiUnv 
Nxicidanct {Leda.) spdwicariat Fucida Beyriclm^ Bakerdhcu ccrutiphaga, 
Schizodua rossiffiiSi S. planus, Streblcpteria sencea, Murddsonixi suhangulata). 

The fossils of the third or Glossopterian stage include a considerable number of fresh- 
water shells {Palmomutcla, Oligodon, Palmmwdonta, Carbon icoltt \_AnthmcoHiu'], Anihra- 
coniyct), crustaceans of the genus Estheria and cyprids, remains of ganoid fishes, together 
with a large series of vertebrate remains, comprising stegocephalous amphibians, among 
which some resemble Melaneipeton and Pachygmiia, tlicromorph reptiles belonging 
to Pareiasaurians and Dicynodonts, and some tliat resemble the Elgin ia and Uordonia 
of the Elgin (Triassic) sandstones of the norili of Scotland. With theso animal 
remains are associated abundant relics of the Glossopteris flora, comprising tho ferns 
Gloasoptffiris {G^ ihidica, G. angmtifoHa, G. stneta)^ both as impressions of fronds and as 
rhizomes {Vertch^a'ida), Ganganiopteria major, G. cyclopterohles, Tmnioptrris, lusphmo- 
pteris, Callipteris, likewise species of Equiaeiuni, Noeggerathiopsis, and forms resembling 
the SdiizomureasA 

Asia.— The type of sedimentation found in the cast and south of Europe extends into 
Asia. In the valley of the Araxes a limestone occm^ containing Product, ns honddm, 
Athyris suUilita, and a number of the ammonoid forms above referred to ; while in 
Bokhara other limestones occur at Darwas which from their ccphaloi)od8 (Prtmorifrs, 
Popanoccras, Ac.) probably represent the Artinsk group of Kussia. The same eharactor 
of deposits and of palaeontology is still more extensively developed in the Salt Range of 
the Punjab. In this region the ancient Palaeozoic sediments with their saliferous de) >osits 
are overlain by a remarkable limestone which has yielded a largo assemblage of fos.sils. 
At the base of this deposit comes a coarse conglomerate and sandstones followed by tho 
well-known Pi'oductus Limestone.'-^ The lower portions of tho limostono abound in 
with Carboniferous brachiopods {Productus cora,, P. scmirctknlatm, P, Vrnmins, 
Athyi'is Eoyssii, Spirifer stidatm). The cephalopods are numerous and include tho 
anynonoid types (Cydolohus, Arcestes, MedlicotHa, Popanoccras, Xenodisem), as well as 
many Nautili, Oi*thoceratites, and Gyroceratites. Tho gasteropods include forms of ErU 
leroph<m, Euomphahis, Eolopella, Phasianella, and Plcurotomaria, Lamellibranchs are 
abundantly repi’esented by such genera as Allormxva, Schizodvs, Avicida, Auicnloprctrn, 
and Pccten, but also with othera of a distinctly Mesozoic character, as Lima, fjucina, 
Cardinia, Astarte, and Myopho^da. Yet with those evidences of a iiew’or facies of 
moUuscan life, it is interesting to notice the extraordinary variety and abundance of 
the brachiopods, including ancient genera such as Produetns (20 SiK^eics), 

Athyris, OHhis, Leptsena, and Streptorhynchm, mingled with a number of muv genera 
first met with here (Eemiptyddna, Mothyris, Lyttonia, OldhamUt, &c.). Though tho 
general aspect of this fauna is so unlike that of tho Permian rocks of Central Europe, 
the appearance of a number of Zechstein species links the limestone of Northern India 
with the European tract. Among these are Oaimrophoria humUctmemis, Htrophalosia 
excavcUa, S, horrescens, Spiriferina cristata. 

^ Ainalitzky, Soc, Imp, Nat. St. Petersbourg, 1899 ; Compt, reml cxxxii (1901), p. 601. 
and Q. J. G, 8. li. (1896), p. 337. 

® W. JWaagen, Mem. Geol. Suw, India, ‘Salt Range Fossils,’ vol, i. Pjg^ductus Linje- 
stone, 1879-88 ; Palmont. loidica, 1888, 1891. Diener, Mm. Oeol. 8wrv. India, Part iii., 
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This ocetinio typo of deposit, however, does not seem to extend southwards across 
tlio Indian peninsula. . South of tlie line of the Narbada River a totally different series 
of sedimentary formations ocjcurs. In that southern region, as has already been stated 
(p. 1058), the lower and niiddle Mesozoic marine rocks and the upper part of the Palteozoio 
series ot other countries are represented by a vast thickness of sti’ata, chiefly sandstones 
and shales, probably almost entirely of fluviatile origin. To this great fresh -water 
accumulation the name of Godwana system has been given by the Geological Survey of 
India. The exceedingly coarse Talohir conglomerates in the lowest group of the series 
have been above noticed among the Carboniferous foi*mations. The Talchir is succeeded 
by the Karharbari group, marked by the occurrence of seams of excellent coal and an 
abundant flora, which includes a number of species of Ganyamopteris and QlossopteriSf 
witli some cycads {OlonBozamifes), conifers {VolU:mi Albertia) and the doubtful Ebeggera- 
Ihiopsh, The overlying Daniuda series consists chiefly of sandstones and shales with 
ironstones, and nearly all the valuable coal-seams of the Indian peninsula, and attains 
a thickness of 10,000 feet. It has yielded an abundant flora, in which species of 
(rIossopteriH and Gimgwuioptei'is are prominent, while some rare vertebrates have likewise 
been found in it [GmulwanosoAirit^t a labyrinthodont allied to Archegosmi/rus and 
Brmhyops), This great mass of sediments is probably homotaxial with the Permian or 
Permo-Carboniferous formations of other regions. In the Salt Range the upper part 
of the Productus - beds, as above stated, is probably referable to the Permian 
system. It is overlain, without visible nnconform ability, by tho Chidra group, only 
about 15 feet thick, in which the fossils are less Palffiozoie in aspect than those of the 
groups below, seeing that nearly half of them have Mesozoic affinities and only four 
species are identical with Pemian species of other countries.^ The Panohet series 
which succeeds is moi’o probably Triassic, while the upper subdivisions of the Qondwana 
system are of Jurassic ago.*-^ 

In north- wcjstern Afghanistan a series of coal-bearing sandstones, believed to be the 
equivalents of the Oondwana system of India, teiminates downwards in a group of shales 
alter'd into mica-schists with graphitic and anthracitic seams and impure limestone, 
the whole invaded by granite. It is interesting to note that towards the base 
of this scries a coarse conglomemto or boxildor-bed occurs, x>recisely similar to that 
of the Talchir group, lloucath it lies a dark limestoue with casts of braoliiopods. This 
HoricH of strata was refeiTod by Mr. Griesbach, who first described it, to a Permo-Carboni- 
ferous age. It pa.sseH ui)wanl into what arc evidently Tiiassic rocks {posted^ p. 1107).® 

Australia. — Thu vomarkablo ooal-boaring series of the Australian colonies witlf its 
boulder-bcds, whi<^h has been tenuod Permo-Oarboniforous, lias been described above 
(p. 105S)). No satisfactory lino can bo drawn there between Carboniferous and Permian 
types, while on the other hand, the highest members of tho series are separated from 
the next overlying formation sometimes, thoiigh not always, by an unconforraability, 
and more c.M])Ocially by the abrupt change in tho character of tho fossil flora, which has 
been referred provisionally to the Ti'iassic system. 

Africa."' Tlironghout a vast extent of the centre and south of this continent, a group 
of rocks known ns ilic Karoo series i>resonts some of tho lithological and palaeontological 
types of southern India and south-eastern Australia. It lies unoonfonnably on eveiy- 
thing older than itself, and has been sepamted into tlii'ee groups. Of those (1) the 
lowest has already been rtjforrod to (p. 1057) tis composed of the Dwyka Conglomerate, 
surmounted by the K<tca nnulatoncs and shales. In those dark friable argillaceous beds, 
a flora has been found which presents a remarkable resemblance to that of the lower 
momb(‘i*H of tho groat Goiidwana series of India. Some of the species are' actually 

‘ Medlicott and Blanford, * Manual of Geology of India,’ 2nd edit, by R. D. Oldham, 

p. 128. 

*■* Oju. i'it chaps, vii. and viii. 

® (IrloslMwsh, liemds Geol Sim\ Mia, xix. (1886), p. 239. 
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identical in the two countiies, such as Qlossopt&Hs hrcnmiiana, Gmiga/niO'ptcns cyeloptermdes, 
and Noeggerathiopsis Rislopi. The middle division (2) or Beaufort group, which extends in 
nearly horizontal sheets over a vast region, consists of sandstones, shales, often carbon- 
aceous, with seams of coal and intercalated sheets of diabase. It contains a mingling of 
Carboniferous genera of plants {Sigillaria) with the characteristic Glossopteris-tlora, and 
of the latter a number of the species are common to the Damuda rocks of India, such 
as Glossoptcris Irownimidj G. ang^tstifolia, G. cmnmunL^, G, strida, G, retiferaf and 
G. danutdica,^ The Beaufort beds have yielded a remarkable reptilian fauna. The 
most striking feature, indeed, in the Karoo scries is the extraordinary number and 
variety of its Anomodonts, which here reach their culmination. The families of the 
Bareiasaurs, the Tapinocephalids, the Galesaurians, the Bicynodouts and the Endothio- 
donts seem to have had their chief habitat in Southern Africa. Of this interesting 
fauna the Beaufort beds have furnished a large share. It may be remarked that sonic 
of the species have representative forms in the meagre fauna of the Lower Gondwana 
rocks of India. 

North America. — The Permian system is represented in the United States by a scries 
of strata which graduate downward into the Goal-measures and, where their top is seen, 
pass upward more or less gradually into what are believed to be roprosentatives of the 
Trias, but which do not furnish any strongly-marked paleontological features. They 
have accordingly been classed by many geologists as Permo-Carboniferous. In the 
great Appalachian coal-field, as well as Princje Edward Island, Nova Scotia and New 
Brunswick, the uppermost coal-bearing group (see p. 1061) is overlain confonnably 
by a group of strata, upwards of 1000 feet thick, which in Pennsylvania was c, ailed 
the “Upper Barren Measures.” At its base lies a massive conglomeratic sandstone, above 
which come sandstones, shales, and limestones, with thin coals, the whole bc(‘oming vt‘ry 
red towards the top. Professors W. M. Fontaine and I. 0. White have shown that., 
out of 107 plants examined by them from these strata, 22 are common to the true Pennsyl- 
vanian Coal-measures and 28 to the Permian rocks of Europe ; that even where the 
species are distinct they are closely allied to known Permian forms ; that the oi’dinary 
Coal-measure flora is but poorly represented in the “Barren Measures,” while on the 
other hand, vegetable types appear of a distinctly later time, forms of Calli^h 

teridiwin, and Saportssa foreshadowing characteristic plants of the Jurassic j)criod. 'i'heso 
authors likewise point to the indications furnished by the strata themselves of important 
changes in the physical condition of the American area, and to the remarkable pamuty 
of animal life in these beds, as in the red Permian rocks of Europe. Some dmb-coloured 
limestones crowded with ostracods may be compared with the Spirorbia Limestones of 
Central England. The evidence seems certainly iu favour of regarding the uj»|Hm ]>art 
of the Appalachian coal-fields as representing the reptiliforous beds overlying the Coal- 
measures at Autun and their equivalents.^ In Nova Scotia and the neighbouring rugions 
asimilar upward passage has been observed from true Coal-measures into a group of reddish 
strata containing Permian types of vegetation. 

To the west and south-west of the Appalachian region the Permian type beointies 
more developed, and iu Kansas and Texas acquires considerable ini]»ortan(*o. In 
the foimer State, the uppermost Coal-measures are overlain by a series of thin lime- 
stones, and yellowish, green and chocolate shales (Neosho formation of Prosser) having 
a united thickness of 130 feet and numerous marine fossils (2h^t)dudus Hcmi}rfMiul<ifiu% 
Olioiietes gramiUfera, Dcrbya erassaj Athyrk stMlita, Bseudommiotk Avfmh- 

pecten occidcntalis, Pleurophonts mhcostatm, Ucekclla striiUo-mtata; &c.). r Above 
these strata lies a middle group (Chase) of limestones and shales, with a number 
of bands of flint, the whole having a thickness of about 265 feet, and containing 

^ Feistmautel, Ahhandl. JBUhni. ges. vii. 3 (1889). 

^ “On the Permian or Upper Oorbonifermrs Flora of W. Virginia ami S.W. Pennsyl- 
vania,” Second Geol. Surv. P&nn, Report, p.p. 1880. 
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many mollusks, including species of BakcmlUa^ Rlew'ojihorus, AxHCulopectciii Fdmondia, 
J)c7'hya, FrodiicHs, Chonctcs, &c. The upper group (Marion) consists of 

about 400 feet of limestones, and in the uppermost; part, shales, marls, and gypsum. 
Its fossils are, on the whole, similar to those in the groups below.^ The Kansas Permian 
formations extend northwards into Nebraska, where they have likewise yielded an 
abundant marine fauna.^ They spread southwai'ds into Texas, where also a threefold 
subdivision of them has been made, the lower gi’oup being termed Wichita, the middle 
Clear Pork, and the upper Double Mountain. The Wichita beds contain a flora like 
that of the “Upper Barren Measures” of West Virginia and Pennsylvania, and com- 
prise a number of species of Fecojytcris and CaUipteridimiij together w-ith Callipteris 
cotiferta, Odmitoptcris nervosa, Oo^noptcHs ohlonfja, Sphenophyllum, and Walchia. The 
marine bands have yielded species of Ganiatites, PtycMtcs, Medlicottia, Popamceras, 
Orihoi^^’as, Nautilas, &e.'’ From those strata also and the “Clepsydrops shales” of 
Illinois a number of iish, stegoccjjhalous amphibia, and rliynclioccphalous reptiles 
have been obtained.*^ 

SpitzbergezL. — Tlie Permian sea appears to have extended far within the Arctic 
circle, for above the Carboniferous rocks of Spitzbevgen there occurs a group of strata 
which contain Permian marine forms {P^'odudus, StrcpiorhyncJim, Rctd^,, Pscxuloraonatis 
Bakcvcllia, &c.).° 


Pakt III. Mesozoic or Secondary. 

Though no geologist now admits the abrupt lines of division which 
were at one time believed to mark off the limits of geological systems 
and to bear witness to the great terrestrial revolutions by which these 
systems wore supposed to have been teimiuated, nevertheless the influence 
of the ideas wliich gave life to these banished beliefs is by no means 
extinct. The threefold division of the stratified rocks of the teiTestrial 
crust into Primary, Secondary, and Tertiaiy, or, as they are now called, 
Paheozoic, Mesozoic, and Cainozoic, is a relic, of those ideas. This three- 
fold arrangement is retained, however, not because each of these great 
periods of geological time is thought to have been separated by any maiked 
geological oi* geogra])hical episode from the period which preceded or 
that which followed it, but because, classificiition and subdivision being 
necessary in the acquisition of knowledge, this grouping of the earth’s 
stratified fomiations into three gi*eat scries is convenient. In our smwey 
of the older members of those formations we have come to the end of 
the first series of fossiliferous systems, and are about' to enter upon the 
consideration of tlie second. But wo find no indication in the rocks of 
any general break in the continuity of the processes of sedimentation 

‘ Ct. S. ProHKur, IhdK </e.oL Boa, Axtimm, vi. (1894), p. 26 ; Joum, GeoL iii. (1895), pp 
682,764 ; Uinrrrslty OcoL iiurr, Kansas, ii.(1897), p. 61. 

‘•^'W. (J. Knight, Journ* QmL vii. (1899), p. 357. This paper contains a list of the 
iuv(‘rtebrato Permian foRsils of Kansas, Nebraska and partly of Texas, with columns showing 
the gfo^niphiciil range of the gonei'a in the Old world and the New. See also the paper by 
0. R. Keyes on ‘‘American llomotaxial Equivalents of the Original Permian,” in the same 
vol. p. 321. 

* 0. A. Wliite, Amer, Natural.wt, February 1889 ; B, U. S. G, K No. 77 (1891) ; I. C. 
White, Bull Geol Soc. Amer, iii. (1892) p. 217. 

* E. D. Cope, Proc, Axner. PM. *Sbc. xvii. (1877-78), pp. 182, 506. 

B. Luudgren, Bihaxx^f, BvensK Vet Akad. Hmdl xiii. (1887); Neues Jafirh, 1891. 
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and of life 'which we have seen to be recorded among the Palaeozoic 
rocks. On the contrary, so insensibly do the Palaeozoic formations in 
many places merge into the Mesozoic, that not only can no sharp line 
be dra'vm between them, but it has even been proposed to embrace the 
strata at the top of the one series and the base of the other as parts of a 
single continuous system of deposits. 

Nevertheless, when we look at the Mesozoic rocks as a whole, and 
contrast them 'with the Palaeozoic rocks below them, certain broad 
distinctions readily present themselves. Whereas in the older series 
mechanical sediments form the prevalent constituents, piled up in masses 
of greywacke, sandstone, conglomerate, and shale often many thousands 
of feet in thickness, in the newer series limestones play a much more 
conspicuous part. Again, while in the Palaeozoic formations a single kind 
of sediment may continue monotonously persistent for many hundreds or 
even thousands of feet of vertical depth, in the Mesozoic series, though 
thick accumulations of one kind of material, especially limestone, are 
locally developed, there is a much more general tendency towards frequent 
alternations of different kinds of sedimentary material, sandstones, shales, 
and limestones succeeding each other in rapid interchange. Another 
contrast between the two series is supplied by the very different extent 
to which they have suffered from terrestrial disturbances. Among the 
PalsBozoic rocks it is the rule for the strata to have been thrown into 
various inclined positions, to have been dislocated by faults and in 
many regions to have been crumpled, pushed over each other, and 
even metamorphosed. The exceptions to this rule are so few that they 
are always signalised as of special interest. Among the Mesozoic rocks, 
on the contrary, the original stratification-planes have usually been little 
deranged, faults are generally few and trifling, and it is for the most part 
only along the flanks or axes of great mountain -chains that extreme 
dislocation and disturbance can be observed. A further distinction is to 
be found in the relation of the two series to volcanic activity. We have 
seen in the foregoing chapters that every period of Palseozoic time has 
been marked somewhere in the Old World by volcanic eruptions, that in 
certain regions, such as that of the British Isles, there has been an abundant 
outpouring of volcanic material again and again in successive geological 
periods within the same limited area, and thus that masses of lava and 
tuff thousands of feet in thickness, and sometimes covering hundreds of 
square miles in extent, have been thrown out at the surface. But in the 
European area, 'with some trifling exceptions at the beginning, the whole 
of the Mesozoic ages appear to have been unbroken by volcanic erup- 
tions. The felsites, rhyolites, andesites, diabases, basalts, and oChor 
lavas and eruptive rocks so plentiful among the Primary formations 
are generally absent from the Secondary series. r 

But perhaps the most striking, and cei’tainly the most interesting, 
contrast between the rocks of the older and the newer series is supplied 
in their respective organic remains. The vegetable world undergoes a 
remarkable transformation. The ancient preponderance of cryptogamic 
forms now ceases. The antique types of Sigillaria, Stigmaria, Lepido- 



PART III 


MESOZOIG FORMATIOm 


1083 


dendron, Oalamites, and their allies disappear from the land, and their 
places are taken by cycads and conifers, while eventually the earliest 
dicotyledons come as the vanguard of the rich flora of existing time. 
Nor are the changes, less marked in the animal world. Such ancient and 
persistent types as the cystideans, blastoids, and trilobites had now 
wholly vanished. The crinoids, that grew so luxuriantly over the sea- 
floor in older time, now flourished in greatly diminished numbers, while 
the sea-urchins, which had previously occupied a very subordinate position, 
took their place as the most conspicuous group of the echinoderms. The 
brachiopods, which from the remotest time had filled so prominent a place, 
now rapidly diminished in number and variety. But perhaps the most 
striking biological feature which meets us as we pass from the Palaeozoic 
into the Mesozoic formations is the apparently sudden and prodigious 
development of the cephalopods. We have seen, indeed, in the foregoing 
pages that the advent of those varied types of higher molluscan life was 
already heralded by the appearance of a number of their genera in strata 
believed to be of Pemian age. But the extent and importance of this 
feature in the history of the invertebrates was not recognised until the open 
sea deposits of Triassic time were explored in Southern Europe and India. 
It was then found that the Ammonoids attained their culmination in the 
early ages of Mesozoic time. So sudden is their expansion in variety of 
type in the Trias that we are constrained to believe that a vast interval 
of time must have elapsed, which is inadequately represented either by 
sedimentary formations or by organic remains, between the known 
Permian formations and those of the pelagic Trias. The Orthoceratites 
which had played so prominent a part throughout the Palaeozoic ages 
disappeared in the early part of Mesozoic time. The Goniatitoids were 
likewise waning, to be replaced by the Oeratitoids, which were the 
dominant .types in the first Mesozoic period. But the characteristic forms 
through the rest of the periods were the various tribes of Ammonites. 
These, however, all died out before Tertiary time. The dibranchiate 
cephalopods now made their appearance, and in the belemnoids soon 
reached a remarkable development, only, however, to decline, until they too 
had almost died out when the Tertiary ages began. They are represented 
by only a single living genus. Another distinctive feature of the fauna 
was the variety and abundance of reptilian life. The labyrinthodont 
amphibians were replaced by many new reptilia, such as the Ichthyosaurs, 
Plesiosaurs, Ornithosaurs, Deinosaurs, and Crocodiles. It was in Mesozoic 
time alsb that the first mammals made their appearance in marsupial 
forms, which remained the highest types that were reached before the 
beginning of the Cainozoic periods. 

The Mesozoic formations have been grouped in three great divisions, 
which^ though first defined in Europe, are found to have their repre- 
sentative series of rocks and fossils all over the world. The oldest of 
these is the Trias or Triassic system, followed by the Jurassic and 
Cretaceous. 
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Section i. Triassic. 

It has been already mentioned that the great mass of red rocks, which 
in England overlies the Carboniferous system, was formerly classed as 
New Red Sandstone, but is now divided into two systems. We have 
considered the lower of these under the name of Permian. The general 
facies of organic remains in that division is still decidedly Palaeozoic, 
though with, clear indications of the coming of new types of life. Its 
brachiopods and plants connect it with the Carboniferous rocks below ; a 
number of its cephalopods link it with the Trias above. It forms the close 
of the long series of Palieozoic formations. When, however, we enter the 
upper division of the red rocks, though the general lithological characters 
remain in most of Europe very much as in the lower group, the fossils 
bring before us the advent of the great Mesozoic flora and fauna. This 
group therefore is put at the base of the Mesozoic or Secondary series, 
though in some regions, as in England, no very satisfactory lino of 
demarcation can always be drawn between Permian and Triassic rocks. 
The term Trias was suggested by P. von Alberti in 1834, from the fact 
that in Suabia, and throughout most of Germany, the group consists 
of three well-marked subdivisions.^ But the old name, New Red Sand- 
stone, is familiarly retained by many geologists in England. The word 
Trias, like Dyas, is unfortunately chosen, for it elevates a mere local 
character into an importance which it does not deserve. The threefold 
subdivision, though so distinct in Germany, disappears elsewhere. 

§ 1. General Characters. 

As the term Trias arose in Germany, so the development of the 
Triassic rocks in that and adjoining parts of Europe was long accepted 
as the normal tjqpe of the system. There can be little doubt, however, 
that though this type is best known, and has been traced in detachc<l 
areas over the centre and west of Europe, from Saxony and Franconia to 
the north of Ireland, and from Basle to the Germanic plain, rea])peariiig 
even among the eastern States of North America, it must bo looked upon 
as a local phenomenon. This assertion commends itself to our iicc(^})t- 
ance, when we reflect upon the nature of the strata of the central 
European Triassic basins. These rocks consist for the most part of 
bright red sandstones and clays or marls, often ripple-markod, sun-crack(«l, 
rain-pitted, and marked with animal footprints. They contain layers, 
nodules, or veinings of gypsum, beds (and scattered casts of orysttils) of 
rock-salt, and bands or massive beds of limestone, often dolomitic. Buch 
an association of materials points to isolated basins of deposit — salt- 
lakes or inland seas — to which the outer sea found occasional access, and 
in which the water underwent concentration, until its gypsum and salt 

^ ‘Beitrag m einer Monograph ie des Bunten Sandateiiis, Mnschelkalks, and Kenpi‘rs 
nud die Verbindung dieaer Gebikle zu einer Formation, ’ Stuttgart, 1834, p. 324. Thirty 
years later the same observer published his ‘Ueberblick iiber die Trias,* 1864, and gave a 
synopsis of the Triassic literature of that interval. 
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were thrown down. That the intervals of diminished salinity, during 
which the sea renewed, and perhaps maintained, a connection with the 
basins, were occasionally of some duration, is shown by the thickness and 
fossiliferous nature of the limestones. 

It is evidtent, however, that in this, as in all other geological periods, 
the prevalent type of sedimentation must have been that of the open sea. 
The thoroughly marine or pelagic equivalents of the red rocks of the 
basins have now been traced over a far wider portion of the earth’s 
surface. In the Mediten‘anean basin and thence eastward through the 
Carpathian Mountains and Southern Eussia into the heart of Asia and 
Northern India, the deposits of the open Triassic sea are well developed. 
Masses of limestone and dolomite, attaining sometimes a thickness 
of several thousand feet, are there replete with a characteristically 
marine fauna. The same fauna has been detected over a wide region of 
the north of Asia from Spitzbergen to Japan, the western regions of 
North and South America, in New Zealand, and in Southern Africa. 

The German or lagoon type of the system has been divided into 
three formations, as its name denotes ; the lower being called Bunter, the 
middle Muschelkalk, and the upper Keuper. It is evident, however, 
that this classification, being founded mainly on lithological characters, can 
only be of local application even in areas where the same type of sedimenta- 
tion prevails. A nomenclature capable ^of general use must be leased on 
the pelagic development of the system and on the evidence of organic 
remains. The Austrian geologists, from a study of the distribution of the 
cephalopoda throughout the formations in the Mediterranean Triassic 
province and their extension into India, have proposed a division into two 
great sections, the loweT consisting of two series of formations with 
distinct palaeontological zones, and the upper formed also of two 
formations and a number of zones, the whole being capped by the Ehsetic 
group or zone of Avicula contorta. This classification will be found in 
tabular form on p. 1106. 

Life. — ^The flora of the Triassic period appears to have been more 
closely similar to that of Jurassic than to that of Permian time, the 
Palteozoic typos, such as Chlamites, Le^idodendrm^ and Sigillana} now 
becoming extinct It consisted mainly of ferns (some of them arborescent), 
o<j[uisetums, conifers, and cycads. Among the ferns, a few Carboniferous 
genera (Sphenoptm^, Fecoptem, Cycloptem) still survived, together with 
Glos^iopt&m^ l^miicptens, and other old genera, but new forms 

appeared {Anmmptmi.% Acrostichites, Cladophlehis, Glathroptem, iJanseopsis, 
Lepidapte/ns, Limhoptms, Merimopteris^ Neuropteridium {Orema- 

toptem), Sitgewj>teri,% Thimfddia). The earliest undoubted horse-tail 
reeds appear in the Carboniferous rocks, but they become common in 
this system, whore they are represented by the two genera Eqidsetites 
and §ihkomim. The conifers are i‘epresented by Voltzia, the cypress- 
like or spruce-like twigs of which are specially characteristic organisms 
of the Trias (Fig. 415), and by Alheniiit, Ahietites, Araucarites, Aravr 

^ Sij/iUtm'a and Glosnoptem are associated together among strata in South Africa whicli 
have been regarded as i)ossibly of Triassic age, /. G, S. liU. (1897), pp, 310-340. 
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mrioxylon, Brachyphyllum, Ptdissya, &c. The Ginkgoacese are represented 
by Baiera, and in the United States a gi*ass-like plant has been found 
(Torkia). But the most distinctive feature in the flora of the earlier 
Mesozoic ages was the great development of cycadaceous vegetiition. 
The most abundant genus is Pterophylhim ; others are 'litwmommiies, 

C£enophyUmi,‘ Cf Cycadites, Nilssonia^ Otozamites, Fodozamitt% 

Ptilophyllim, Sph&iiozainites, Zamiostrolms, and Zamites. So typical are these 
plants that the Mesozoic formations have been classed as belonging to 
the “ Age of Oycads.” Calcareous algse {Gyropni'iRn, &c.) abounded in the 
open seas of the time and contributed to the growth of limestone reefs. 



Fig. 414.— Voltzia lieterophylla, Brongn. 


The fauna is exceedingly scanty in the red sandy and marly strata 
of the central European Trias, and comparatively poor in forms, though 
often abundant in individuals, in the calcareous zones of the same region. 
Erom the Alpine development, a much more varied suite of organisms 
has been disinterred. Some of the Alpine limestones are full of forami- 
nifera {Orbuli/m, GhUgetina)^ others contain numerous calcareous sponges 
(Eudea, Gmynella, Stellispongia, Peronidella, &c.). Corals abound in some 
localities in the same rocks, occasionally foming true reefs. They do 
not include any typical rugose forms, which had died out in Palmozoic 
time, but show a great variety of perforate types {ThamnasWmOy Astmo- 
morpha, Spongiomorpha, Heptastylis, Stromatomorpha), and of aporose forms 
(MoTiiKvaltiay Stylophylhm, Isastrm, Qalamophyllia^ Tkemmilia^ Stylina). 



SECT, i s 1 TBIASSia BYBTEM lOSI 


All the Palseozoic families of Echinoderms had now disappeared, but two 
groups of crinoids begin to attain prominence in genera of Encrinidse 
and Pentacrinidse, some of which are plentiful among the limestones, 
particularly crinoid-stems, of which these rocks are in some cases almost 
wholly composed. One of the most characteristic fossils of the 



Pig. 415.— Triasslc Fossils. 

*u, noiloHiw, Uo Hiuiiu ; h, Bstlieria minuta, Goldf. (f); c, Tapes? (Pnllastra) aronicolus, Strlck- 

liuul (nat. h1z(^ and oiilarg«(l>; tf, Encriiius lIlilfonniH, Sclilotli. (nat. size); s, Temnocheilus (Nautilus) 
hldorsiiluH, Hcliloth. (J). 


Muschclkalk is the crinoid Enmnus liliifomiis (Pig. 415, d). Species of 
urchins (especially forms related to Cidam) are common in the Alpine 
Trias. *An abundant fossil in some of the upper Triassic and Ehsetic 
shales is the little phyllopod Esthe7ia (Pig. 416, h), Ostracods^ also 
abound in some shales {Daimmlaj Cytheridra). Decapod Crustacea now 
made their appearance, replacing the extinct trilohites. Long-tailed 

1 Ou tho Ehoatic oRfcraoods of Britain, T. Enport Jones, Q. €f, S, 1. (1894), p..l56. 
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forms, like our living shrimps and prawns, were represented {Penman, 
JEijer, Femphix, &c.). The Brachiopods, while sho^ving some resemblances 
to those of Palaeozoic time, present on the whole a great contrast to these 
in their comparatively diminished numbers, and in the final disappearance 
of some of the ancient genera. Thus the families of the Strophomonida^, 
Centronellidae, and Athyridae make their last appearance, while, on the 
other hand, the Terebratulidje, Bhynchonellidse, and Koninckiiiidye attain 
a great development. 

While the brachiopods were waning the Lamellibranchs were taking a 
more prominent place in the molluscan fauna, and in the Triassic seas they 
had already established the predominance which they have maintained 
down to the present day. vSome of the older genera now died out, such 
as Solenopsis and Allomma, while a large number of new forms made 
their appearance. Among those new-comers were true Unios, 

Dimya^ the Pholadomyacidae, Pleuromyacidae, Astartidse, Lucinacese, 
Oardiidse, and Corbulidie. One of the most distinctively Triassic genera 
is Myojphona, of which there is a great abundance and variety of species. 
Other common genera are Pecten (Pleuromctites), Htilohia (JJaoiiella), 
Tngomdiis, Pachycardia, Moiwtis, Gemllia (IfoBmemi), Anoplophora, Jvkula, 
Gardium (Protocardia), Gardita, Megahdm^ JYuaiola, Cammdla (Tapes? 
Fig. 415, c). Among numerous Gasteropods we find that the families 
of the Neritidjie, Eulimidse, Naticidae, Turritellidse, Nerineidin, and 
Cerithiidse now take their rise. The Nautiloidea were manifestly waning 
in importance, while the Ammonoidea reached the striking development 
above referred to. In no respect is the conti’ast between the palaeonto- 
logical poverty of the German, and the richness of the Alpine Trias so 
marked as in the development of cephalopods in the respective regions. 
In the former area the Nautiloidea are represented by a few species of 
TemmcJidlus (Nautilus) (T. hidmatus, Fig. 415, e), the Ammonites by 
species of Geratites ((7. Qwdosvs, Fig. 415, a; G. semipartitm). In the Alpine 
limestones, however, there occurs a profusion of cephalopod forms, among 
which a remarkable commingling of Palaeozoic and Mesozoic types is 
noticeable. The genus Orthoceras, so typical of the Palaeozoic rocks, has 
never yet been met with in the German Triassic areas ; but it appears in 
the Alpine Trias in species which do not differ much from those of the 
older formations, j^sociated with it are some new Nautiloid forms 
(Clymenonautilus, Glydonautilus, Pleuronautilus). It is especially interesting, 
amid these examples of the persistence of primeval forms, to notice the * 
advent of the earliest precursors of types which played a conspicuous part 
in the animal life of later periods. Thus among the dibranchiatc 
cephalopods, the family of the Belemnites, which appeared so prominently 
among the denizens of the Mesozoic seas, had its eiudiest known forms in 
the open Triassic waters of the Alpine region (Aulacocmu% AtracHtes), 
Though the earliest Ammonites had appeared long before, it was not 
until Triassic time that this great order assumed the importance which it 
maintained all through the Mesozoic ages. So long as only the German 
type of the Trias had been studied, this early development wiis not 
Imown. But we have now learnt that the Ammonoidea really attained 
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their culmination in Triassic time, more than 1000 Triassic species 
having been described. In the open seas which then spread over Southern 
Europe and extended into Asia, into America, and even into the Arctic 
regions, there flourished an altogether extraordinary profusion and variety 
of cephalopod life, as may be gathered from the following list of some of 
the generic types — Nannites, Otoceras, Halmites, Tropites, Bhardcei'os, 
Sageceras, Hedeiistroemia, Lecanites, ,Badiolites, MeeJcoceras, 

Fnonites, Ftychites, jASgocei'as, Hungarites, Celiites, Sibintes, Damhites, 
Tirolites, Dimrites, Buchifes, Arpadites, Tracligc&tm, Tibetites, Binacoc&ius, 
CJt-o7istoceras, Bhahdoceras, CoMocmiSy Nmites, Lohites, Popamcm'os, Arcestes, 
Didyniites, Gladiscites, Megaphyllites^ IlliacophylliUs, 

The fishes of the Triassic period include teeth and spines of selachians 
{Hyhodus^ Acrodus), scales, teeth, or exoskeletons of ganoids {Gyrolepis, 
Dapedim, Dictyop^jgp, Semioiiotus^ Lepidotus, Nephrotus, Saui'ichthys, Bu- 
gmithus) and teeth of the dipnoan genus Geixvtodus^. 

One of the distinctive palaeontological features of the Trias is the re- 
markable assemblage of amphibian and reptilian remains found in it. The 
ancient order of Stegocephalia (Labyrinthodonts) still flourished; numerous 
prints of their feet have been observed on surfaces of sandstone beds 
{Gheirotlierium or UheiTOstvimis)^ and the bones of some of them have been 
found (Labymithodm, Trematosaiinis, Ilasfodonsam'us, Capifosaums, Metopias, 
J)iadetog)utthus, &c.). The Reptilian class was well represented. Anomo- 
donts were especially almndant and varied in form — Pm'dasauimj 
Tapiiiocephahts, Titanosarhm, Galmtm'un^, CynOf^utJtKfi^ Dicynodmi^ Ouden- 
odo7i, BndofJiiodon, Pnmlophou, Of the rhynchocephalous types which 
first appeared in Permian time, and are almost extinct at the present day, 
bones and even nearly entire skeletons have been discovered in the Trias, 
the most important genera being IIyperodapedo7i, Bhyiichosaimis, and 
THfTjwfon, The earliest deinosaurs yet certainly known occur in this 
system (Themlonkmimu^, Zimclotlon [Idviosmirus^ Plaieomvft'us], Palmsaw'us, 
Ghdyodon, Ammomimii<, Anchiswimis^ ^c.).’’ These long-extinct types of 
i-cptilian life presented character in some measure inteimediate between 
those of the ostriches and true reptiles, and their size and unwieldiness 
gave them a resemblance to the elephants and rhinoceroses of modem 
times. They appear to have walked mainly on their strong hind legs, 
the prints of their hind feet occurring in great abundance among the red 
sandstones of Ooimocticut (Fig, 211). Many of them had three bird-like 
toes, and loft footprints quite like those of birds. Others had four or 
even five toes, and attained an enormous size, for a single footprint 
sometimes measures twenty inches in length. 

ichthyosaurs and plesiosaurs, which played so foremost a part 
in the reptilian life of Mesozoic time, had their Triassic forerunners 
Nothomum% Simosaurm, Pachypleura = Neusticosimrus). Of 
highei’^grade wore the earliest types of crocodiles, the remains of which 

^ Swou UfiaosutirH of tho Triiw, Q, J, G, a*?, xxvi. 32. Marsli, Jouni, 

xxjivii. (1889), p. 331 ; xlii. (1891), p. 267 ; xliii. (1892), p. 542 ; xlv. (1893), p. 169 ; 
1 (189t5), p. 491 ; GeoJ. May. (1893), p. 150 ; (1896), p. 888 ; (1897), p. 38 ; (1898), p. 
6 ; (1899), p. 157 ; ICUi Jua, If. KG, aV. (1896), pp. 143-244. 
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have been detected in Triassic rocks. They belong to an extremely 
generalised type, and appear to have been widely distributed. Stagonolepis 
and Ei'petosuclmis occur among the other reptilian remains at Elgin, while 
Belodcm {Phytosaunis) has been obtained in Geimany, India, and North 
America. 

It maybe remarked here, with reference to the occurrence of reptilian 
remains, that though they may be, rare throughout a system, they are 
not infrequently met with in considerable numbers at some particular part 
of a deposit. Thus in Britain, a specially prolific locality for them has 
been the district of Elgin in the north of Scotland, formerly believed to 
be Upper Old Red Sandstone. This rock contains the remains chiefly in 
the form of empty casts. Besides the small lizard, TeUr])6tmy described 
by Mantell in 1852, as well as the larger possibly allied form Hypero- 
dapedon, the sandstone has yielded a number of new forms of anomodonts 
which present a curious resemblance to those found in the South African 
Karoo beds. These skulls and skeletons have been skilfully worked out 
and described by Mr. E. T. Newton of the Geological Survey.- One of 
them, Gordonia^ was nearly allied to Dicynodon (Owen), GeiJda was closely 
related to Ptychogmthus^ while Elginia was a remarkable many-horned 
animal distinctly allied to Parm-saurus (Owen). The same sandstones 
have yielded the crocodiles Stagomlepu, Erpetosuchiis^ and OrnithomichxLS. 
Again, a slab of the Stubensandstein near Stuttgart was obtained in 
the year 1877 on which lay twenty-four individuals of another crocodile, 
Aetosaurm? But perhaps the most remarkable assemblage of Triassic 
vertebrates has been obtained from the Karoo formation of South Africa. 
These remains include Labyrinthodonts (MicrophoUs, Petrop]mjne\ Anomo- 
donts (TapinocepJuilus, Pareiasawnis^ Anthodori), Rhynchocephalia (Sanro- 
stemon), and a large number of genera belonging to a remarkable* 
carnivorous order, the Theriodonts, distinguished by having three sets 
of teeth, like those of carnivorous mammals {Lycosawm, Tigmunhm, 
Oynodraco, &c.). There were likewise examples of Dicynodonts, char- 
acterised by having no teeth, or by a syigle tusk-like pair, the jaws 
being probably prolonged into a horny beak. The limbs of these 
creatures were well developed, and the animals probably walked on the 
land {Dicynodon, Ovdenodon, <&o.).^ 

It has been supposed that evidence of the existence of Triassic birds 
is furnished by the three-toed footprints above referred to. But prob- 
ably these are mostly, if not entirely, the tracks of deinosaurs, the 

* 

1 On the Crocodilian remains of the Elgin Sandstone seeHnxley, Q. J, U. S, 1859 ; Mem, 
Qeol. Sitrv, Monograph iii. 1877; and E. T. Newton’s Memoirs, PhU, Trans.volB, clxxxiv, and 
clxxxv. (1893-94). A new form from the Elgin Sandstone, named hy E. T. Newton 
OmUkomchus, is regarded by him as probably deinosaurian {Phil. Trane, clxxxv. (1894), 
B. p. 601. I, 

In the memoirs cited in the foregoing note. 

® 0. Fraas, Jalirl). Ver. Bat. Wurtemherg, xxxiii, (1877). It may bo remarked alao 
that the recent discovery by Professor Amalitzky of abundant Permian reptiles (p. 1069) 
was made from lenticles of sandstone in what had been supposed to be unfossiliferous strata. 

Owen’s ‘Catalogue of Fossil Eeptilia of South AfJica,’ Brit. Museum, 1876, 
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absence of two pairs of prints in each track being accounted for by the 
bird-like habit of the animals in the use of their hind feet in walking. 
One of the most noteworthy facts in the palaeontology of the Trias is the 
occurrence in this system of the first relics of mammalian life, in what 
are believed to be detached teeth and lower jaw-bones. These have 
been referred to small Prototheria which present some resemblance to 
the Myrmecobms, or Banded Ant-eater of New South Wales. The 
European genus is Microlesfes. In the Trias of North Carolina a supposed- 
marsupial has been described under the name of Dromatherium, It is 
possible, however, that some of these organisms may be reptilian. 


§ 2. Local Development. 

Britain.'* — Trias-sic rocks occupy a large area of the low ifiains in the centre of 
England, ranging thence northwards along the iianks of the Carboniferous tracts to 
Lancaster Bay, and southwards by the head of the Bristol Channel to the south-east of 
Devonshire. They have been arranged in the following subdivisions : — 

f Peiiarth beds. — Red, green, and grey marls, black shales, and “ White 
iwiteiic.- ^ Li, IS ” (-JO feet or less up to 150 feet). 

rUpi)er Keuper or New Red Marl. — Red and grey shales and marls, 
with beds of rock-salt and gypsum (800 to 3000 feet). 

Upper Trijis Lower Keuper Sandstone. — Thinly laminated micaceous sandstones 
or Keuper. 1 and mtirls (Waterstones), passing downwards into white, hrown, 

I or reddish sandstones, with a hose of conglomerate or breccia (150 
V. to 250 feet). 

^Upper MotUetl Sandstone. — Solt bright red and variegated sandstones, 
Lower Trias without pebbles (200 to 700 feet). 

. g ite Bobble -beds. — Hai*der i*eddish-brown sandstones with quartzose 
• pebbles, passing into conglomerate; with a base of calcareous 

JjQOo r breccia (60 to more than 1000 feet). 

u CO Mottled Sandstone. — Soft bright red and variegated sandstone, 
without jiebbles (80 to 650 feet). 

Like Iho Pcriniau red rocks below, the sandstones and marls of the Triassic series 
ai-o almost barren of organic remains. Extraordinary differences in the development of 
their several memhers occur, even within the limited area of England, os may be seen 
from tht» subjoined table, which shows the variations in thickness from north-west to 
south-east 

’ See P. B. Broilio, Tmns. atvf. Nmc London, v. (1842), p. 331 ; Q, J. (L S. xii. (1856), 
]). 374 ; xliii. p. 540 ; .\lix. (1893), p. 171 ; 1. (1894), p. 170. E. Hull, “Permian and 
I'riassic Rocks of England,” Ueologiiud Mmoint, 1869. H. B. Woodward, QeoL 

M(tij, 1874, !>. 385 ; “(Jeology of East Somerset and Bristol Coal-fields,’* jl/m. Ucol, Survey, 
ltS76, Usslier, Q, J, U. S, xxxii. p. 367 ; xxxiv. p. 459 ; (Jeot Mag. 1875, p. 163 ; iVoc. 
Sotmmt. Arch. M. Uut. Soc. xxxv. (1889). Etheridge, <^. J: Q, S. xxvi p. 174. A. Irving, 
awL Mug. 1874, p. 314 ; 1887, p. 309 ; Q. J. O, S. 1888, p. 149. W. T. Aveliue, 
dt. 1877^ p. 380. J. G. Goodchild, Trmis. OmnUd. Wmtmord. Amc. xviL (1891-92). 
E. Wilson, <1 J. G. S. xliv. (1880), p. 761. T. Tate, up. cit. xlviii. (1892), p. 488. 

The term “ Uhwtic ” is derived from the Rhujtian Alps, where the rocks so named are 
well developed. “ Banter ” and Keuper ” are terms borrowed from Germany, the first was 
taken by Werner from the variegated (German, Inmt) colours of the strata, the second is a 
local miner's term. 
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Lancasliii'e 
and W. 
Ohe.shire. 

atallbwlsliin*. 

Loicesierslnm 
and Warwick- 

Kexiper. -j 

'Red marl .... 

Feet. 

8000 

Feet. 

800 

Feut. 

700 

Lower Keuper sandstone . 

450 

200 

150 

j 

C Upper mottled sandstone . 

500 

,60-200 

absent 

Bunter. J 

Pebble-beds .... 

500-750 

100-300 

. 0-100 


Lower mottled sandstone . 

200-500 

0-100 

absent 


Hence we observe that, while towards the north-west tlie Triassic rocks attain a 
maximum depth of 6200 feet, they rapidly come down to a fifth or sixth of that thick- 
ness as they pass towards the south-east. Sonth-w-estwards, however, they swell out in 
Devon and Somerset to probably not less than 2500 or 3000 feet.^ Recent boring in 
the south-eastern counties show the Trias to be there gcneinlly absent. The main 
source of supply of the sediment which fonned the material of tln^ Triassic dcjiosits 
probably lay towards the north or north-west. The pebble-beds, besides local materials, 
contain abundant rolled pebbles of quartz, which have evidently been derived from some 
previous conglomerate, probably from some of the Old Red Sandstone masses now 
removed or concealed. The Trias rests with a more or less decided unconformability on 
the rocks undemeath it, so that, although the general physical conditions as regards 
climate, geography, and sedimentation, which prevailed in the rormiau period, still con- 
tinued, terrestrial movements had, in the meanwhile, taken place, wlioivby the fcrmiaii 
sediments were generally ujiraised and exposed to, denudation. Hence the Trias rests 
now on Permian, now on Carboniferous, and sometimes even on Cambrian or Pre- 
Cambrian rocks. Moreover, the upper parts of the Triassic series overlai> the lower, so 
that the Keuper groups repose successively on Peimiiin and older rocks. 

The Hunter series is singularly devoid of organic remains. The rolled i ragin(‘nts in 
the pebble -beds have yielded fossils at Budleigh Saltevton, on the southern coast of 
Devonsliire (where a fine coast-section of the Triassic scries is <lisplaycd), ])roving tliat 
Silurian and Devonian rocks were exposed within the area from which the materials of 
these strata were derived. The peculiar quartzites of the Budleigh Saltorton pebbles 
do not seem to have come fi'om any British rocks now visible, but mtber to have been 
derived from the north-west of Fi'ance.® The pebbles in the Buntor conglomerates ol* 
the Midlands Tikewise indicate derivation from some source which has not yet boon 
satisfactorily traced in the Biitish Islands. A marked characteristic of the Hunter 
series in Central England is its capacity for holding w’ater, whence it is an important 
source of water-supply. 

At the base of the Keuper series, in the region of the Mondip Hills, a remarkable 
littoral breccia or conglomerate occurs. Over Carboniferous Limestone it consists mainly 
of limestone, and is i>recisely like “brockram” (p. 1070), but in the slaty tniots of 
Devonshire, the fragments are of slate, porphyry, granite, &c. Its matri.v being soine- 


^ Ussher, Q. /. Geol. Soc. xxxii. 392. 

^ Red strata iu the deep boring at Richmond are believed by Professor JuiUl to be 
Triassic. Mr. Whitaker regards os Trias siuiilar rocks found under Kentlsh^Towu and 
Crossness near London. 

® For an account of their included fossils see Davidson, PalaunUoffntp/i. 1881, The 
nature and origin of the pebbles in the Hunter series of the centre of England have been 
repeatedly discussed by Professor Boimey, ' See especially bis last paper in J, G, S. Ivi. 
(1900), p. 285;. 
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times dolomitic, it has been called the Dolomitic Conglomerate ; but it occasionally 
jmssos into a magnesian limestone. It represents the shore deposits of the Trias salt- 
lake or inland sea, and, as it lies on many successive horizons, we see that the con- 
ditions for its formation persisted during the subsidence by which the Mendips and 
other land of this region were gi'adually depressed and obliterated under the red sand- 
stones and marls (see Figs. 213, 225).^ The Dolomitic conglomerate averages 20 feet 
in thickness, but hero and there rises into cliffs 40 or 50 feet high. It has yielded 
two geneiu of deinosaurs {Palmsaimis, TJiecodontosannis),^ Some geologists have 
regai*ded this band of rock as an English representative of the Geiman Miischolkalk. 
But the manner in which it ascends along what was the margin of the Triassic land 
shows it to be a local base occupying successive horizons in the red rocks. There is no 
equivalent of the Muschelkalk in Britain, unless the middle division of the Devonshire 
Trias can be so regarded.^ 

The lower Keuper gi’oup is composed of red and white sandstones with occasional 
lenticular bands of coarser material, and, like the coiTesponding strata in the Bunter 
group, is generally unfossiliferous, but has furnished many amphibian footprints. The 
surfaces of the sundston e-beds are likewise impressed with mn-drops and are marked 
with desiccation-cracks and ripple-marks, suggestive of flat shores exposed to the aii*. 

In the ujiper Keuper group the sediments were generally muddy, and now appear as 
red and variegated marls, with occasional partings of sandstone or bands of dolomite or 
of gypsum. Among these strata are beds of rock-salt, varying from a few inches to more 
than 100 feet in thickness. The marly character of the up})er Keuper is a distinguishing 
feature of the group from the south of Scotland to the south of Devonshire, and from 
Antrim to the cast of Yorkshire. Throughout this wide area cubical casts of salt 
{(jhloride of sodium) arc not infrequent, though this substanoe is only workable at a 
few ]>laces (Antrim, Cheshire, Middlesbrough). The salt is chiefly obtained by dis- 
solving the material undcrgi’ound and pumping up the brine, very little being now 
actually niiiuicl. The rook-salt as it occum intcrcalcated in the marls is a crystalline 
substance, usually tinged yellow or red from intorinixture of clay and peroxide of iron, 
but is tolerably pure iii the best parts of the beds, where the proportion of chloride of 
sodium is as much as 98 per cent. Through the bright red marls with which the salt 
is iulr'r.sti'atirn.*d there run thin scams of rock-.salt, also hands of gy 2 )sum, somewhat 
irregular in their mode of occurrence, occasionally reaching a thickness of 40 feet and 
xipwards. 

'Phe ])ancit;y of organic remains in the English Keuper indicates that the conditions 
for at least animal life nuist have been ©.xtreiuely unfavouiublo in the watera of tlie 
ancient Dead Sea wherein tlioso red rocks w'ero accumiilatcd. The land possessed a 
vegetation whiwh, finm tlni fragments yet known, seems to have consisted in large 
measure of eypress-Uko coniferous trees {Fu/tsia, irakhiu), with oalamites on the lower 
mor<^ marshy grounds. The rod marl group contains in some of its layers numerous 
valves of the lil.tio crustaceau Enflicritr- minuta, and a solitary species of lamellibranch, 
Tttjprs/ (Pul/ustra) arrnkolits. The. green gritty marls of 'VVarwickshire have yielded 
three sjiecies of probably marine sbolls {Thmia? Pholmloniyat Numla.l\ too imper- 
fectly j»ros»u’V(!d for satisfaetovy determination.® A number of teeth, simies, and some- 
times entire skeletons of iish liavit been obtained {l>i 2 ^terotiot%is Fictyopyge 

(IK Sffpci'skA)^ JcfiHfnti A, rnuUmua, &c.). The bones, and still more 

* l>e l*^B(‘cln*, Mnii. Urol, i. i>. 240. H, B. Woodward, “Geology of East 

Soin(irH«‘t. and Bristol (.Joal- Fields,” Mnti, Oei>L Survey, 1876, ]). 53. 

*** Ktlierblge, ./. (K S, xxvL p, 174. 

Usslier, op> eit, x.v.\*iv. p. 409. 

^ T. Hugh Bell on salt deposits of Middlesbrough, Pm\ Ch\)ehmd Imt, IMyin, Session 
1882-83 ; and the papers by Mr. Wilson and Mr. Tate cited on p. 1091. 

® Jl. B, Newton, Jottrn* ffonvholoyj/^ vii, (1894), p. 408. 
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frequently the footprints, of labyrinthodont and even of saurian reptiles occur in the 
Keuperbeds — LahjrintThodon (4 species), Cladyodon Lloydii, JEfypn'odapedov, Palmsattrus, 
Zanclodon {TeTcttosau‘i'%v8\ Tlucodofiitomvi'us^ ItJiynchosdurus, and footprints of Cheiro- 
theriu 7 n. The remains of Microlcstes have likewise been discovered in the highest beds 
sometimes taken as the base of the ithoetic series. 

At the top of the Keuper marl certain thin-bedded strata form a gradation upwards 
into the base of the Jurassic system. As their colours are grey, blue, and black, and 
contrast with the red and green marls below% they were formerly classed without 
hesitation in the Jurassic seiics. Egerton, however, showed that, from the character 
of the fish remains found in the “bono-bed” of the black shales, tlsjy had inor<< 
palse ontological affinity with the Trias than with the Lias. Subscciucnt I’cscarcli, 
particularly among the Rhmtiau Alps and elsewdiere on the Continent, brought to light 
a great series of strata of intennediate characters between the previously recognised Trias 
and Lias. These results led to renewed examination of the so-called beds of passage in 
England (Penarth beds),^ which were found to bo truly representative of the massive 
foi*mations of the Tyrolese and Swiss Alps. They are therefore now known as R ha* tic 
(sometimes as Infra-Lias). In England this subdivision is usually cla.sscd as the 
uppermost member of the Tnas, hut by some continental geologists it is idmaal as the 
base of the Lias. It offers evidence of the gradual approach of the idiysical gt‘ograj>hy 
and characteristic fauna and flora of the Jurassic period. 

The Rhietic (Penarth) beds occur as a continuous though thin band at tlie top of the 
Trias, throughout the British area. They extend from the coast of Vorksliire lUiross 
England to Lyme Regis on tlio Dorsetshire shores.**^ ^J'h(‘y occur in scattered patches up 
the west of England, and on both sides of the Bristol Channel, and they have been 
detected in the west and north of Scotland (p. 1137). Their thickness, on the average, 
is probably not more than fifty feet, though it rarely incrciises to IfiO feet. In the south - 
w'est of England, they consist of the following subdivisions in ilcsconding order : 

White Lias — composed of an upper hard liniestoue (Sun-bud or Juw-.stono, 0 to 18 
inches) with Modiola minima and Osfrea liassica; and a lower grotip of pale 
limestones (10 to 20 feet) with the same fossils and Pfofmmlht ((htnh'nm) 

{O, rlmtimm), PmidommotisfuUm, The Oothain Stone (»r Land- 
scape Marble (4 to 8 inches) is a hard compact limestone, with den«lriti(* 
markings, lying at the base of these calcareous strata. At Aust it has yiubbid 
elytra of Coleoptexa, wings of insects, and scales and perfect specimens of the 
fishes Legnonotm cothaimnsist Phniiditphimtfi lliggiim. 

Black paper-shales (10 to 15 feet), lincly Jaic.inaiiMl and pyritons, wfitli selenite and 
fibrous calcite (“beef”) and one or more aetiins of ferruginous and micaceous 
sandstone (bone-bed) containing remains of fish and saurians.** Some of the shales 
yield Amcida, wntofi'ta^ Protocardia [Cavdiim) phillipiana {O^Thwilcinn), Vvotm 
valoniensis {=^Avic\da onntm'ta zone). 

1 So named from theh being well developed in the cliffs of Penarth on tlic Ulamorgau- 
shire coast. Bristow, BnL Assoc, 1864, sects, p. 60 ; (ieol, Virtml Miuns, sheets 
47, 48. 

3 Strickland, Proc, Ueol, tSoc, iii. Part ii. p. 586. H. W. Bristow, Mttg. i. (1864), 
p, 236. T. Wright, Q. J, Q, S, xvi. p. 374. 0. Moore, np, cif. xvi. p. 483 ; xxili. p. 459 ; 
xxxvii. pp. 67, 469. W. B. Dawkins, xx. p. 396. B. B. Tawuey, xxil. p. 69. P. B. Brofiic, 
p. 93. F. M. Burton, xxiii. p. 816. W. J, Harrison, xxxii. p. 212. P. M. Duncan, .Kxiii. p. 
12. J. W. Davis, xxxvii. p. 414. E. Wilson, xxxviii. p. 451. H. B. Woodward, “ (leology 
of E. Somerset and Bristol Coal-fields,” Mm, Oeoh Surven, p. 69 ; Proc, Genl, Asme, x. 
(1888). * 

3 Tliese remains have likewise been found in vast numbers idling fissures in the Carlsm- 
iferous Limestone which must have communicated with the surface in Rhuitie time. One of 
these fissures in the Mendip HiUs yielded twenty-nine teeth of MicroMes, nine species of 
reptiles, and ^fteen of fishes, and os many as 70,000 teeth of A&'ihIvs, Ohas. Moore, a J, 
O, S, xxiii. p, 487. 
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Green and grey Marls (20 to 30 feet), “with alabaster, celestine, and sometimes 
pseudoniorplis of rock-salt ; generally nnfossiliferous, but yielding Microlestes. 
'riie.se l^Tarl.'. form properly the top of the Keuper, the bone-bed above serving as 
a convenient base for the Rhaetic beds. 

A bone -bod similar to that in the foregoing section reappears on the same horizon in 
Hanover, Brunswick, and Franconia. Among the reptilian fossils are some precursors 
of the groat forms which distinguished the Jurassic period {Ichthyosaurus and Flesio- 
satmes). The fishes include Acrodus minimus^ Ceratodus latissimus (and five other 
species), Hyhodus minon^ Neumcttnihus &c. Some of the lamellibranchs 

(Fig. 416) are especially chai*acteriatic ; such are Protocardia {Cardium) philli]^a%a 
{0. rlmticum), Avicula coiitorta^ Pccteti mlonien^iSf and Tapes? {Pullastra) armicola 
(Fig. 415). 



Fig. 41(1. — RliHitic Fossils. 

<r, Fi'otoc'ai'dia phillipiana (Cardium rhfcticum, Merlan.) ; Avicula oontorta, Fortlock ; 
r, Pecten valoniensis, Defrouco. 


Central Europe. — The lagoon type of the Triassic system, stretching from England by 
Heligoland (whore it is well developed) ^ into Germany, is one of the most compactly 
distributed geological formations of Europe. Its main area extends as a gi*eat basin 
from Basel down to the plains of Hanover, ti’averaed along its centre by the course of 
the Rhine, and stretching from the flanks of the old high grounds of Saxony and 
Bohemia on the oast across the Vosges Mountains into France, and across the Moselle 
to the llaukvS of the Ardennes. This must have been a great inland sea, out of which 
the Harz Mountains, and the high grounds of the Eifel, Hunsdriick. and Taunus 
probably rose as islands. To the westward of it, the Palceozoic area of the north of 
France and Belgium had been raised up into land.- Along the margin of this land, 
rod conglomemtes, sandstoiK?, and clays were deposited, which now appear here and 
there reposing unconformably on the older formations. Traces of what were probably 
other Bksins occur eastward in the Carj)athian district, in the west and south-east of 
France, and over the eastern half of tho S^Minish peninsula. But these areas have been 


1 W. Dames, Akad. B&rUn, 7th Dec. 1898. 

Tliis land, according to MM. Comet and Briart, rose into peaks 16,000 to 20,000 feet 
high I (- Dm. Hoc, Qkil, Kml, iv.). 
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considerably obscured, sometimes by dislocatiou and denudation, sometimes by the 
overlap of more recent accumulations. In tbo region between Marseilles and Nice, 
Triassic rocks cover a considerable area. They contain feeble representatives of the 
Gr'ts higarre or Bunter beds, and of tlio Marncs irisies or Keiiper division, ROi)arated by 
a calcareous zone believed to be the equivalent of the Muscbolkalk of Gennany. Their 
highest platform, the Rhtetic or Infra-Idas^ contains a shell-bed abounding in Amcula 
covtoTta, and is traceable throughout Provence.^ 

In the great German Triassic basin ^ the deposits are as shown in the subjoined 
table ; — 


■5 ft » 
es ^ 93 




’Rhsetic (Rhat, Infra-Lias). — Grey sandy clays and fine-grained sandstones, 
containing Egibisetwn, Asjplemtest and cycads {Zanuf.es, FUrophyllum), 
sometimes forming thin seams of coal — Protneardia {CarUiavi) phil- 
lipiana {C. rhietimm), Adada contovta^ Esdicria niinuta, ITothosanrnn, 
Trernatosanrns, Belodon, and Mivrolcstes antiqtntsJ^ 


^Keupermergel, Gypskeuper. — Bright red, green and mottled marls, with an 
underlying set of beds of gypsum and rock-salt. In -isnc wIuti^ 

sandstones appear, they contain numerous plants 

Pterophylliim, &c.), and labyrinthodont and fish reiiiai'i- ' in lObO 
feet). 

Lettenkohle, Kohleiikeuper.® — Grey sandstones and <lark marls and clays, ^vith 
abundant plants. soTnotimes forming thin seams of an earthy hardly work- 
able coal Lt.t:onkoiil»-), about 230 feet. The plants include, beside those 
above mentioned, the conifers AravcaHo.i^iiloii thnringicnni, ValUiia hdero- 
plujlla, Widdringtoniies kenperianus, Timiioptcrui vlftata, PlcrophyUum. 
longi/bltim, &c. A few shells have been obtained from this group, 
especially from a band of dolomite at its upper limit {LifiyiUa tcnidinimn. 


^ Bebert, B\dL Soc, QioL France (2® ser.) xix. p. 100. Dieulafait, Am^ HcL Hkd* i. 
p. 387. 

a B. Weiss, Mnes Jahrh. 1869, p. 215 ; Z, D, G. G. xxi. (1869), p. 887. C. W. Giimbel, 

* Geognoatische Beschreibung des KiiiiigreichB Bayern,' iii. (1879), chap. xv. P. Rocjner, 

* Geologic von Oberschlesien,’ 1870, p. 122. B. W. Beuecke, * Obor die Trias in Blfwws- 

Lothringeu uud Luxemburg,’ Abh. Ocoh i^yedaUurte Mfsass-Loth, i. I'art iv. (1877). 
G. Meyer, MUtlu Com, Gecl, El8,-Loth. i. Parti. (1886). H. Biieking and B, Jichmmuihor, 
op, dt, ii. Part it (1889). B. W. Benecke and L. van Wervecko, op, ciL iii. Parti. (1890). 
A. Stener, op, cU. iv. (1896) ; and papers by E. E. Schmid, M. Bauer, W. Prantwm, 
J. G. Boniemaiin, A. vou Koeuen, H. Loretz, H. Grebe, H. Prdscholdt and G. Miiller in 
the volumes of the Jahrbuoh of the Prussian Geological Survey. Detailed measured sections 
of the Muschelkalk and Lettenkohle in Franconia are given by F. v. Sandbergev, Verh, Vhys, 
Med, Qes. xxvi. (1892) No 7. S. Passarge, ‘Das Roth im iistlichmi Thiiringien,' 

Jena, 1891. E. A. Wiilfing, Miresheft Verdn, Vide'rlcC'nd, NaUirhind, Wilrfemhcry^ Ivi, 
(1900), pp. 1-46. 

*•* The Avicida contenia zone (see Dr. A. von Ditman*, ‘Die Cbntorta-Zone,' Wnnich, 
1864) ranges from the Carpathians to the north of Ireland au<l from Sweden to the hills of 
Lombardy. In northern and western Europe, it forms part of a tliin littoral or sluiUow- 
water formation, which over the region of the Alps expands into a massive calcareous aeries, 
that accumulated in a deeper and clearer sea. It is well developed also in northern Italy. 
See Stoppani, ‘Geologie et Paleontologie des Couches b, Avicula Coiitouta en Lombardie,’ 
Milan, 1881. 

^ It is deserving of notice that while in the pelagic or Alpine facies of the European 
Trias fish-remains are on the whole scarce, and only occur in numbers at a few platis, they 
are widely distributed and tolerably abundant throughout the German Trias. See 0. 
Jaekel, AbJiand, Qeol, Spedalkart, EUafts-LoUtr, iii. Heft iv. (1889). 

e On the lithological subdivisions of the Muschelkalk and Lettenkohle groups sec 
Professor Saudberger's paper above cited. The Lower Keuper of Eiwteru Tliilringia is 
described by E. B. Schmid, AhlvantU, Prexm, Oed, Landesanst, i. Heft ii. 
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Myophoria GoUffussi^ J/. transm'm, Anoplophoraf Jlccmesm socialis, 
Cemtitcfi Svhinkiti). Some of the shales are crowded with small phyllopod 
Crustacea {Esthma, whiuta, also liainUa), Remains of fish {Acrodits, 
Jlyhodns, Vcmtudus) and of the Mastodonsmmis Jmgeri and NotlwsawTus 
have been obtained from one or two bone-beds in the group. 


I 


''Qpper Limestone (Haiiptmuscholkalk), divisible in Thuringia into two groups, 
a lower hard encrinite limestone (Trocliiteiikalk) and an upper group of 
thin limestone with argillaceous iiartings, kno^vn as the Nodosus group 
from the abundance of Ceratites nodosus (200 to 400 feet). In some regions 
(Wiirzburg) a tliird still higher group of dolomites and limestones, 6 feet 
thick, is called the Trigonua group from the prevalence in it of Trigoncdus 
HnndbcrgvfL The upper Muachelkalk is by far the most abundantly fossil- 
iferous division of the German Trias. Among its fossils, Tevinocheilus 
{Nautilus) hkloraaivs^ Ptychites dmc, C&ratUes antecedens^ C. trinodosus^ 
Lima slrkita^ Myophoria vulgaris, TerebrcUnla 

{Oif'nothj/ris) vulgaris sxa specially , - i : A'. ' Uliifonnis 

in the lower and Ceratites nmiosus in the upper part of the rock. Some 
parts of the lower limestones are almost wholly made up of crinoid sterns. 

Middle Limestone and Anhydrite, consisting of dolomites wi+h 
gypsum, and rock-salt. Nearly devoid of organic remains, 
and teeth of saurians have been found (100 to 300 feet). 

Lower Limestone (Wellenkalk), consisting of limestones and dolomites 
(Wellendolomite), with in the upper part bauds of porous limestone known 
as Schaumkolk (100 to 600 feet). This zone is on the whole poor in 
fossils, save in the limestone bands, some of which are full of Enor intis 
Brahli, E. gracilis, E. sUesiacus, E. Q(mwlli<^ Pecten Issvigatus, Harrnesia 
socUdis, Myophcn'Ui orbicularis. The middle portion of the limestone has 
yielded a number of brachiopods (Spiriferitm fragilis, S. kirsuta, Athyris 
trigimclla, T&rehrattda vulgaris, T. angusta, while the upper part or Schauin- 
kalk contains numerous lamellibranchs, especially r..'’' -p'-:*: 

Myophoria {M. vulgaris, (yt'bimdaris, elegans, • 
costata, Mouotis AlhcHi, Pcclen disdtes, Eentalkm ^orqv(dviu. and some 
ammonites {Beneckcia Buchi, Iluiigarites Strmnbecki, Ottonis, 

^ Aerochardic&ras Daviesi). 


^Upper (Roth). — Red and green marls, with gypsum in the lower part, and 
sometimes beds of rock-salt (250 to 300 feet). Occasional bands of dolo- 
mite {KhkocoraUhnn dolomite of Tlmringia) yield a number of fossils 
' -'.XAy a Myophoria costata, M. mdgaris, 

Ih wacfroitks, the ammonite Beneckcia tenuis). 

The Myophoria, is specially characteristic. The plants of this stage con- 
sist chictly of Voltda, with ferns and horse-tails. 

JVli<ldle. — Coame-grained sandstones (1000 feet), sometimes incoherent, with 
wayboards of Esther ; amphibian footprints and remains of laby- 
riiithodoiits. 

Lower. — Pine reddish argillaceous false-bedded sandstone (Gres des Vosges) 
,1 several hundred feet thick, often micaceous and tissile, with occasional 
iut(n*stratificat.ions of dolomite and of the marly oolitic limestone called 
“ Itogenstcin.” Fossils extremely scarce ; Esthers m inula occurs in some 
layers. 

I'he Runter division, in the north and centre of Germany, lies conformably 
oil and }>asscs in-eiisibly in!i> the Zeehstein. Except in the dolomite beds of 
the Ib'ith, it is nsually barren of organic remains. The plants already 
known include E/uisetuM arenaemuh, E, Mougenti, one or two ferns {Ano- 
moptcris, Vauioptcris), and a few conifers {Albcrtia and Voltzia), The 
lamellibraiK'h Mytiphuria cosfaia is found in the upper <livi8ion all over 
Gernittiiy. Numerous footprints {iNidrotherium , Figs. 211, 212) occur on 
• the samlstonoH, and the bones of labyrinthodoiits {TtTnudosaurus, Capito- 
^ sau.ru s) as well as of lisli have been obtained. 


In the Vosges, the liunter (Gres bigarre, Vosgian) consists of (1) a lower coarse red 
unfossiliforoiiB sandstone (Orfis des Vosges) resting conformably on the red Permian 
sandstone and marked by the frequent crystalline condition of its quartz-grains (crystal- 
lised sandstone, p. ItIG): also by its quartz-conglomerates, which occasionally reach a 
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thickness of more that 1600 feet ; (2) an upper series of red sandstones, surmounted by 
marls, forming the Gr^ higan'S and containing among other fossils VoUzia, Albertia^ 
Equisetum aTciinccim.f MyopUunat Notliomm'^is Schimperi, Menodon plicatitSy Odonfo- 
sauj'iis Yoltziif Mastodcnisaurm wasleiic'iisis. The Musohelkalk in the same region is a 
compact gi*ey limestone capable of subdivision into three zones, as in Germany, while 
the ICeuper (Marnes irisees) presents a characteristic assemblage of bright red and green 
mottled argillaceous marls.’ 

Spanish Peninsula. — The lagoon t 3 ’pe of the Trias extends southwards into tho 
eastern part of the Pyrenees and through the east and south of Spain. In the district 
around Molina de Aragon the three German subdivisions of the system have been 
recognised.® The lower conglomerates and sandstones of the province contain land- 
plants {Equisetum, Albertia). Higher horizons in different parts of the peninsula 
present marls and dolomites sometimes with Muschelkalk fossils. In the Pyrenees also 
various saliferous marls occur which are assigned to this system. 

Scandinavia.^— Northwards the Triassic lagoons of Central Europe stretched as far as 
Sweden. Though fragmentary remains of the terrestrial flora that clothed the land 
which surrounded the German Triassic inland sea not infrequently occur in tho deposits 
of that basin, it is towards the north that the most abundant traces have been recovered 
of the vegetation of the period. Above reddish saliferous rocks, presumably Triassic, 
there come in southern Sweden certain light grey and yellow strata, which, from the 
occurrence of Avieula eo'ndorUi and other fossils in them, are assigned to the Rlnctic 
stage, though possibly their higher members may be Jmassic. They attain in some 
places a thickness of 600 to 800 feet, and cover about 250 square miles. They have 
been divided into a lower fresh-water group, with workable coal-seams, but no marine 
fossils, and an upper marine group, with only x>oor coals, but with numerous marine 
organisms {Osirm, Eecteii, Avimla, &c.). In the coal-bearing strata clay-ironstones 
occur, and seams of fireclay underlie the coals. Nathorst and Lundgren have brought 
to light 150 species of plants from these beds— a larger number than the whole of the 
Triassic flora of the rest of Euro^jc. At Bjuf they include 36 species of ferns, 36 cycads, 
16 conifers, and 1 monocotyledon. Tlie Swedish Triassic* rocks have been arranged as 
follows : — 


Younger Rhfietic 
Middle Rhietic 


Older Rliaatic 


Base of Lias with Oardinia, &c. 

Zone of Eilasoma pohpiioi'plnt. 

“ Pullasti’a ** bed. {Tapes % [PuUaatra'l eHongaivs, Mytilua min utus, 
Oatrea Eisinge^i.) 

Zone of TIiavmaiqptaria SchenIcL 

Zone of Mquisetmn gn'ocUe, Podozamitea Imieeolaim, 

Zone of LepklopteHa Ottmia, 

Zone of QamqHo^ytefna apiraJis, 

Zone of Anomozamitea gracilis, IHctgophyUum 

^ esdle. 


Alpine Trias.^ — "We now’ pass to the consideration of the pelagic or open sea 


^ Benecke, AhhandL SpedalJcart. Elsaaa-Lothnngen, 1877 ; Lepsius, jSf. t>. C/. G, 1876, 
p. 88 ; and his ‘ Geologie von Deutschland.* 

® D. Salvador Calderdn, An, Soc, Esp, Hist, Eat. xxvii. (1898), p. 177. 

» See Hubert, Avm. Sci. Geol. 1869, No. 1 ; B. S. O, E, (2), xxvii. (1870), p. 366. 
Memoirs of the Geological Sw'ijey of Sficeden, especially Nathorst “ Om Floran Skanes Kolfdr- 
ande Bildningar,’* 1878, 1879; B. Erdmann, “Beskrifuing till Kartbladet HelHingboig,** 
1881, p. 42; G. Liudstrdm, “Kartbladet Engelholm,” 1880; also Nathorst, “ftidnig till 
Sveriges fossila Flora,” K. Vet, Akcul, Handl, Stockhdm, xiv. xvi. ; Neues Jahrb, 1876, 
pp. 105, 891 ; 1879, pix 973, 1004 ; (1882), i. p. 70. Lundgren, QeoL EUren, l^took- 
holniEOrh. 1880 ; Ann, Geol. Univ. Lund. iv. 

* See F. von Richthofen, ‘ Geoguostische Beschreibung der Umgegend von Predazzo,' &o, 
Gotha, 1860. Gdmbel, ‘Geog. Beschreib. des Bayerisch. Alpeii,’ 1861. Stur, ‘Geologic der 
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development of the European Trias which extends across the Mediten'anean basin. In 
the western Alps, certain lustrous schists, w’ith gypsum, anhydrite, dolomite, and rock- 
salt, lie lUKlerucath the Jurassic series, and have been referred to various geological 
horizons. Some part of them undoubtedly belongs to the Trias.^ On the Italian side, 
they swell out to great proportions, reaching a thickness of more than 13,000 feet along 
tlic line of the Mont Cenis Tunnel. Traced through Piedmont, they are found to play 
an important part in the structure of the northern Apennines, where they contain 
the celebrated statuary marbles of Carrara (pp. 804, 1105). They have undergone, in 
these mountainous tracts, extensive metamorphism, the original shales or marls being 
changed into lustrous schists, and the limestones into crystalline marbles. But even 
in this altered condition Tiiossio fossils have been found in them. 

Already in Trinssic time a notable distinction had been established between tlie 
geographical conditions of the regions now marked by the eastern and western Alps. 
The line of division between the two areas may be said to coincide generally with that 
auciout line of N.E. and S.W. disturbance known as the “ Rhine-Ticiiio fault.” To 
the west the Triassic deposits point to varying conditions of lagoons and inland sees. 
Eastward, however, the corresponding deposits attain an enormous development, and ai'e 
now recognised as presenting a record of the deeper water or pelagic conditions of the 
Triassic period. As Mojsisovics lisis remarked, what England and North America are 
for the Pahuozoic formations in general, what Bohemia is for the Silurian system, what 
the Jura Mon 11 tains arc for the Jui’a^ic deposits, the eastern Alps are for the Trias.- 
S])i‘(;ial interest attaches to the Trias of these Alps from the great thickness of its 
limestones and their thoroughly maiino fauna, with a commingling of Palaeozoic and 
Mesozoic types intercalated hetwocu the Permian and Jurassic systems. It would 
apjwjar that during the deposition of those limestones the central core of crystalline and 
Pahcozoic rocks of the Alpine chain rose as an island that stretched from the Engadine 
eastward into Austria. North of this' old insular tract the Triassic strata are on the 
whole somewhat sandy, the accumulation of limestone there having, been frequently 
iuttuTupted hy inroads of sand or silt. On the south side the deposition of limestone 
and dolomite went on more continuously, though interfered with occasionally by sub- 
inarino volcanic oiniptions. Some of the dolomite masses may have been coral-reefs ; 
Mojsisovics oven believes that in the eonglomoratic poiiiions he can detect traces of the 
breaker-action by which the reefs were gi’onud down, while the thin marls were deposited 
in lagoons, or in the inner channels between the reefs and the land. But it is specially 

Stoiermark,* 1871. E, von Mojsisovics, Jahrb, OcoL JUichsmiMt, Vienna, 1869, 1874, 
1S75, 1880 ; AhluimU, <fcoL JlmhsHwttaiti 1876-1893 ; Qeol, Reicliamstalt, 1866, 

1875, 1879, 1896; SiUHh AhuL ci. (1892), p. 769 ; cv. (1896), p. 6 ; and ‘Bolo- 

mitrilfe Siidtirols uud Venotiens,’ 1878. B. Suess, ‘Die Bnsteliung der Alpen,' 1876. 
Memoirs hy Von Hauer, luaube, Suess, Staidie, Stur, Toula, Bittner, and others in the 
JhMk Oeol. Rekhmndalt, Von Hauer's ‘Gleologle,* p. 358 ct seq, Mrs. Gordon (Miss M. 
Ogilvie), Q. jr, 0, S xlix. (1893), p. 1 ; (koh Mar;. 1892, p. 145 ; 1894, p. 865 ; 1900, 
p. 337 ; VfirJMiuil. Oed, liekJmnd. 1900, p. 306. Tlie fossils are described by Benecke, 
Paliwntof, Reifr, vol. ii, ; Mojsisovics, AhliandL <yeoL R&iclisand, vi. vii. x. ; False- 
mitolnf/ia Indicdi «er. xv, vol. ili. (1899) ; G-. L. Laube, Fenhach. Akad, Wi&ii, x.\'iv.-xxx. ; 
A. Bothplotz, Falmntoffrajphica^ xxxiii. (1886), pp. 1-180. Numerous other memoirs are 
citt‘d hy Mojsisovics in his ‘ Doloniitriffe.’ 

^ The “Sohistes lustri^s” of the western Alps and the “ BUndnerschiefer ” farther east 
have Jiveii rise to much discussion (p. 802). The controversy has been well summarised by 
Professor J. W. Gregory, Q. J. G, S, lii. (1896), and by Professor Rothpletz, E. F. G. G. 
1895, Heft i. There can be little doubt tliat these rocks consist of a great series of altered 
strata, which include Archeean, Palasozoio, Mesozoic, and even perhaps Caiuozoic formations. 
The Triassic portion of them is generally recognisable by its peculiar lithological characters. 

* ‘Die Dolouutriflfe,’ p. 89. 
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deserving of notice that corals were not the only agents in the accumulation of reef-like 
masses in this region. Alike in the dolomites and the massive limestones calcareous 
sea-algffi occur so abundantly as to show that they grew up into wide reefs, which, 
judging from what is known of the distribution of such organisms at present, show that 
the Triassic sea in these tracts did not exceed 200 fathoms in depth. Though organisms 
of higher grade are often associated with these reef-building plants, they occur most 
frequently in the thin-bedded marls and shales at definite horizons in the series of 
strata. 

Having regard to the lithology and palaeontology of the Alpine Trias, Mojsisovics 
proposed some years ago to consider the system in the eastern Alps as pointing to the 
existence of two great marine “provinces.” Tho larger of these layover the sites of 
Horth and South Tyrol, Lombardy, and Carinthia, and stretched far to the east. To this 
area the able Austrian investigator gave the name of the “Mediterranean province.” 
To the other, which occupied a limited tract on the north-east slopes of the Austrian 
Alps, extending from the Salzkammergut into Hungary, he gave the designation of 
“ Juvavian province” (from the old Roman name of Salzburg). Though tho Triassic 
deposits of these two regions were geologically contemporaneous, they enclose remarkably 
different assemblages of organic remains, insomuch that the palaeontological zones which 
can be determined in the one have not been found to hold good in the other. In no 
respect is this independence more strongly shown than in the gi-cat contrast presented 
by the Ammonites of the two areas.- The Juvayian province has yielded a Triassic 
cephalopodous fauna far outrivalling in variety and interest that of any other tract. 
It was for a long time believed that the cephalopods were quite distinct in the two 
regions, Phylloccras^ DUly^nites, HaloTitca^ Tropitest MlnMoccras, and CoMoceras being 
regarded as the dominant and distinctive genera of the Juvaviaii province, while 
Lytoceras, Bagettrous^ and PtycMtes were equally characteristic of the iMediterranoan 
province.^ The progress of research, however, has shown that the so-eallcd Juvavian 
province can no longer be strictly maintained, for the type of rocks and fossils on which 
it was based have been found in the midst of the Mediterranean basin, Hevcrthcless it 
remains true that the peculiar lithological and palajontological features, as well as tho 
complicated structure, of the district of the Salzkammergut have up to tho present time 
interposed very great difficulties in the way of tho institution of any exact comparison 
between the Triassic succession in that area and in other pai-ts of the Alpine region. 
The table on the following page, compiled from the results of recent researches, shows tho 
contrasted grouping of the Tiiassic formations on the two sides of the eastern Alps, and 
their distinction from those of the German inland sea, between which and the Alpine 
basins there seem to have been only occasional and brief intervals of connection : ^ — 


^ Mojsisovics has modified liis earlier opinions regarding the order of the Triassic formo- 
tions ill the Salzkammergut {Sitzh. Al^d. Wicn^ 1892, p. 780). 

2 In the preparation of this account of the Alpine Trias I was greatly aided by Mrs. 
Gordon, whose intimate acquaintance with this geological system in the eastern Alps is well 
shown in her papers already cited. The table on next page was entirely drawn up by her, 
Com 2 '>are the Table on p. 1106. 
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numerous other species, Arccstcs tridcntimia^ PincLcoccrcis damicitm, Halohia Lanvmeli, 
with in some places remains of land-plants, which include EquUctitcs are>%cm\vs, Nmro- 
2 )tt^riis several species, Sageiw;ptcriSf TccopteriSi Tlmmfddia^ FteropUyllmn, TEeniopUHSi 
Voltda} 

•1. Cariiithian Stage. — The geographical distribution of the two marine provinces 
lasted beyond the early i)art of this stage. Thereafter the separation between them gradu- 
ally disappeared, and some of tlieir peculiar ammonites began to migrate from the one terri- 
tory to the other. In the southern area Mojsisovics has noted three distinct Oarinthian 
groups : (1) the St. Cassian beds, consisting of brownish calcareous marls, limestones, and 
oolites. This group has long been celebrated for the astonishing abundance and variety 
of its organic remains. The Echiiioderms are i>articulaiiy prominent. Abundant also are 
the species of Halohia {JHonclla) [H. cYw«ia?iaand H. Itichthofeni). Corals abound in the 
neighbourhood of the dolomite-reefs, and the coral banks, like the beds of echiiioderms, 
can be traced laterally into these reefs. The St. Cassian beds are represented in other 
parts of the Alps by fossiliforous limestones (Marmolata and Esino limestones in South 
Tyrol and Lombardy, Wetterstein limestone in North Tyrol) and nearly nnfossiliferous 
dolomites (Sclilern dolomite in South Tyrol, “ Erzflilirende Dolomit ” of Carinthia) of 
the “reef- typo” of Mojsisovics. Out of the large series of fossils the following may be 
mentioned hei'e : — Trachyccras ao‘\i^ species of Arcestes, Lohites^ Orthoceras^ NautiVus, 
Bactrites^ Geroillia> angiista, XcniincJcim Leoiihardi, MhyiichoncUa semiplccia, Encrinas 
ca8si!ami,% Pc'iitaonmis ^fropiihquua, Gidaria donata* (2) The Raibl beds**^ mark the close 
of the sefiaration of the two provinces, for they range from the one into the other. They 
consist of dark bituminous marly strata, with lenticular beds and thick reef-like masses 
of limestone, and frequently with gypsum and rauchwacke. Their fauna, distinguished 
by thb largo number of littoral lamellibrauchs, includes Trigonia Keferstcin% CardUot - 
(Muvbclij Qorbxda llosdhomi, Halohia Ti^gosa^ Gemllia hipartita, Megalodtcs cariiithiacas^^ 
Ch>emnifdaiunmiat Nautilm IVxClfmi, 'fracJiyceras aonoides, TheLuttz sandstones, whicli 
belong to this horizon, have yielded numerous land-plants comprising many species of 
Btvmphylhimi and forms of EquisetUeSj Qalamites, Hmroptcris, AUthoptcris^ &c. (3) The 
hed.s comprising the zone of Avicula eHUa and Turho solUariiia show a return of the 
dolomitic condition of earlier parts of the system. These conditions had already set in 
during the dupt)sitioii of the Raibl beds, hut they reached their full development diu’ing 
the acc\unuhitioii of the next group, when masses of dolomite ranging up to nearly 4000 
feet in thickness were laid down. This group of rocks, though. placed by Mojsisovics 
in the Cariiithian stage, is by other authors considered to be Rhietic. In North Tyrol 
it is known as the Main Dolomite (Hauptdolomit), in the Salzkammergut as the lower 
part of the Dac.listeiii limestone, w'hich fonns an important feature in the scenery of the 
district. These rock.s everywhere present a great contrast to the strata below them in 
their poverty of organic romaius. borne of their most prominent fossils are casts of 
MrgaMif^ (JL (liinihrli, M. cimphtmUm, jl/. Mujmhi, &o.), and remains of calcareous 
algic {Gymporella), The bituminous Scofield beds of the North Tyrol have yielded many 
fishes IjopidoLiis^ rholidophoi'tui) and iHiniains of plants. 

Until recently, according to Mojsisovics, the order of superposition of the rocks in 
the Hallstadt area w'as misintorpretwl. He now believes that the Hallstadt max'ble 
does not form a continuous mass overlying the Zlainbach beds, but that the latter, 
instead of underlying tlie Hallstadt i*ock, actually lie within it. He has grouped a 
section of tlio Hallstadt series as a soiiamte stage under the name of “ Juvavian.” It 
consists at the base of red and, variegated loiiticular seams of limestone with Sagmites 
UiebelL Hien follow red lenticular limestones with gaatoropods (zone of OladiscUes 

^ On the Wongen, bt. Cassian, and Raibl groxips of the Sciser Alp, Tyrol, see K. A. von 
Zittol, SUsIk Bay&r. Mead. Munich, xxix. (1899), p. 341. On the fossils of the Wengen and 
Cassian groups, see Mrs. Gordon, J. (J, S. xlix. (1893), iqi. 1-78 ; Geol, Mag, 1900, p. 337. 

ITreUi. V. Wdhrniaiin, “ Die Itaibler Sohichten,” Jedirb. Geol. Reidimnat, 1893, p. 617. 
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ruber). 1 1 is here that the Zlambach beds come in with their Choristoceras Hauer L They 
are succeeded by grey limestone with Pincoioccra^ Metternichij and this by seams of 
limestone carrying Cyrtopleurites hieremtits.^ This whole series, comprising several 
palseontological zones, is regarded by Mojsisovics as the equivalent in time of the Main 
Dolomite. 

5. Rhffitic Stage. — Two distinct facies of this stage are developed in the eastern 
Alps, but the unity of the deposits over the whole region is shovni by the presence of 
the characteristic Avicula coiUorta. The Kossen beds are a marly, highly fossiliferous 
group of strata, marking probably the shallower water, while the upper Daehstoin lime- 
stone into which they merge may indicate the opener sea. Suess has distinguished a 
series of “facies” in this group, the lowest (Swabian) marked by the preponderance of 
lamellibranchs, the next (Carpathian) by the abundance of Tcrclratiila gregarict and 
Plicatula intusstriata ; the Hauptlithodendron-limestone — a thick mass of coral lime- 
stone ; the Kossen facies including the dark brachiopod limestones with shaly partings, 
and the Salzburg facies I'ecognisable by the prominence of its cephalopods (Choristo- 
ceras Marshif ASgoceras planorhoides). 

The Kossen beds are most fully developed in the northern Alps, more particularly 
in Bavaria and North Tyrol, thinning out towards Salzkamniergut, while the dolo- 
mitic facies of Dachstein limestone predominates in the southern Alps, the fossiliferous 
marly facies only appearing in the Lombardy Alps. The occurrence of the fossiliferous 
Rhsetic beds in the Alps gave not only the first clue to the identity in time of the 
Triassic beds in Alpine and extra- Alpine regions, but it has proved of the greatest 
importance in tracing the zonal parallelism of the Triassic succession within the Alps 
themselves. As has been said, a great thickness of wholly unfossiliferous dolomitic and 
gypsiferous rock sometimes occura in the western Alps, and it would be impossible to 
assign a Triassic age to any pari of this series were it not for the presence of well-known 
Rhsetic fossils in the beds immediately succeeding them. Again, the same fossils give 
undoubted evidence of the gradual submersion of the island of older crystalline and 
Paleozoic rocks in the Triassic sea of the eastern Alps. Rhsetic fossils are found on the 
Radstiidter Tauer and on the Stubey Mountains in the central chain of the Alps. 

The intrusive volcanic rocks of the celebrated districts of Predazzo and Monzoni in 
South Tyrol are referred by some authors to Lower, by others to Upper Triassic time. 
At Predazzo there is a core of orthoolase porphyry and toimnaline gi*anite with an 
envelope of syenite, by which, among the now familiar phenomena of contact-mehi 
morphism, the Triassic limestones have been in places converted into marble. Similar 
phenomena are presented at Monzoni, where a central boss of augite-syenito, traversed 
by veins of gabbro, melaphyi*e, &c., cuts across the Triassic strata (ante, p. 774). 

The Triassic rooks of the Alps have particij)ated in the great earth-movements to 
which this chain of mountains owes its structure, and they consequently present remark- 
able cases of dislocation, invemion, and even of metamorphism. Thus the Triassic 
formations of the Radstiidter Tauer in the Tyi*ol cannot be separated from tlie calc-mica 
schist of that district, and Professor Suess regai’ds this schist as an altered Triassic lime- 
stone. ^ 

Mediterranean Basin. — Continued study of the pelagic facies of the Trias as first 
encountered in the eastern Alps has shown that this type extends throughout the 
Mediterranean basin, extending into Asia Minor and sweeping across central and 
southern Asia even as far as Japan and the East Indian Archipelago. On the borders 
of the Mediterranean enough has been ascertained to show how widely the open Triassic 
sea spread over that region. On the west side, Lower (Dinarian) and Upfer (Noric) 
Triassic cephalopods have been obtained from the district of Barcelona.-* The Balearic 

^ Mojsisovics, Siizb. Alcad. Wien, 1892, p. 769. 

“ An?^er Akad. Wi&n, No. xxiv. 20th Nov. 1890. 

** Mojsisovics, fSitzb. Akad. IVien, civ. pp. 1295, 1299. 
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Asia. — The Trias has a wide exteusioa in this continent. Trom the Mediteiranean 
basin it stretches through Asia Minor, where at Balia Maaden in Mysia dark shales and 
limestones enclose species of Arcestes, Nautilus, and ScdoMa (Juvavian and probablj' 
Sevatian), while at Ismid on the sea of Mai-niora Lower Triassic (Dinarian) fonns have 
been obtained by Dr. F. Tonla. Traces of still older parts of the system (Scythian) -have 
been detected in the Araxes Pass near Djoulfa in Armenia. The Eastern Pamir has 
yielded three species of Ealorella and Morwtis salvmria, indicating the middle or upper 
section of the Juvavian stage. But it is within the confines of India that the most com- 
plete representation of the pelagic Tiias has been met with in this continent. The Salt 
Range of the Punjab supplied a remarkably full display of the lowest or Scythian series 
of the system, as may be seen from the foregoing table, no fewer than seven distinct 
palfcontological zones being said to be there traceable. Again, in the Himalayan 
region the Upper Triassic groups are well developed and contain a rich 
cephalopodan fauna. The Carinthian stage at Eimkin Paiar, Niti Pass, and Ralphn 
Glacier has yielded numerous genera and species of cephalopods indicative of the Julian 
group {Aimtomites, At'padites, ClctdisaUes, Glydonmitihts, JEutomoc&i'os, OrUs'bacMtes, 
Hutigaritcs, Isculites, JovUes, Joannites, Juva'oitcs, Megaj^hyllites, Mojsm/ntes, NaiMus, 
Orthoceras, Paracladiscites, Placites, PlmrcmaulxLus, Proardtes, Protrctehyce^as, Ttychitea, 
Sagenitea, Styrites, TiibetUes, Tradkycm-as), The Juvavian stage as displayed in the 
HaZoriYes-limestone affords the richest assemblage of Upper Triassic cephalopods, of 
which 60 species have been obtained. They include the following additional genera : 
Arcestes, Atractitcs, Anatibetites, Bambmuigit6S, GHonites (6 species), DimUes, Diiima't'iUs, 
Ckmfihelites, Ealorites (6 sp.), EdvAites, Pamjummtes (13 sp.), Paratibetites (5 sp.), 
PinoMceras, Saudlingites, Sirmites, and Sidnmannitcs (6 sp,). Above the Ealorites- 
limestone come limestones and dolomites (100 to 120 metres) with Spirifemia Grieahachi, 
but the upward succession of cephalopods has not been traced further, though a 
fragment of a Sag&nites has been obtained from the “ Sagenites beds” of Dr. Diener.^ 

In the terrestrial Gondwana system of peninsular India, the Triassic series is 
believed to be represented by the Panchet group already mentioned (p. 1079), which 
consists chiefly of thick beds, of pale coarse felspathic sandstones with bands of red clay 
and in the upper part occasional conglomerates, the whole in the Deunodar valley not. 
exceeding 1800 feet in thickness. These strata have supplied a number of land-plants 
{Schizooieura, Yertcbraria, Pecqpteris, TIdnnfddia, OlcandMium, QlossopUrvt, Samar- 
epais), but their most important palseontological characteristic lies in their being the 
chief repository of the animal remains of the Gondwana system, . They have yielded 
Estlieria, a number of labyrinthodonts {Ghivioglyptua, Qlyptogmilma, PoAhygmia), 
dicynodonts (D. orwnJtalis, Ptychosi(!t>g%mh\ and a deinosam* {Epica'inpodon)P 

In north-western Afghanistan the Permo-Carboniferous group alluded to on p. 1079 
passes upward into sandstones, limestones, and shales, which are regarded os probably 
Upper Triassic. At their base the typical shells Ealobia Lomimli and Mooiotis aali^mHa 
are found, indicating a marine horizon, but the great moss of sediments are charac- 
terised by a terrestrial flora and intercalated seams of coal, as in the Gondwana system.^ 
Far to the east, in the island of Roth, at the eastern end of tlie Indian Archipelago, 
Triassic strata have been found containing the characteristic shell MonoUs saUnaria, 
with Ealobia {DacynEla), Traces of the pelagic type of the system have been detected 
at wide intervals along the western box*der of the Pacific. In five separate districts of 
Japan representatives of what may be the Anisian, Noric, and Juvavian stages have 
been noted {QercUUes, ArpadUca, DanubUea, JapouUea, Amhites, Gy^miitea, Paeudmaonotia 
ochotim)^ The uppermost members of the Japanese Tiias, pai*alleled .ivith the Rlifietio 
series of Europe, consist of a thick series of shales and sandstones with seams of 
anthracite and a characteristic flora of feras and cycads, which include Diotyop'h/ylhmi 

1 Mojsisovics, PolsBont. Indica, supra ciU p. 127. ^ ‘ Manual of Geology of India,’ p. 170. 

® Griesbach, Records Geol Sure, India, xix. (1886), p. 289. 
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aciitiloiuin and Baiera paiicipartelu , also found in Europe.^ Tlie Scythian and Dinarian 
stages are developed in the coast province of Eastern Siberia near Vladivostook, where 
Brahmanian and Anisian cephalopoda have been discovered. The Pseudomonotis 
ochotica has been found in the Gulf of Okhotsk. 

Arctic Ocean. — The pelagic type of the Trias extends from the Pacific into the Arctic 
Ocean. It has been recognised among the New Siberian Islands off the mouth of the 
River Olenek, and still farther west in Spitzbergen. The Scythian stage with Cercttiks 
mlrdbmtiis, and the Dinarian with Hwigai'Ues triformis^ have been found in tlie former 
district. The Dinarian stage, with a Pos'ictono^n?/a-limestone below and a Dmnella-\im^- 
stone above, occurs in Spitzbergen. It fills the geologist with astonishment to find in these 
northern regions a rich cephalopod fauna embracing O&ratites (30 species), DimiHtes (8), 
Meekoc&ras (6), XenodwcuiS (4), SihiHtes (3), ProspliingiUSt Popcinoceras (5 or 6), Ptychitcs 
(6), Naviilus (2), Plmrcymxiiilus,^ Himgaritcs, Atractites ; also species of Psmdmmnotis 
(11), Laofiiella^ OxytmTUii AmcLila, Pectm^ Germllia^ Gardita^ lAngida^ Spiriferiiia, and 
Wiynchonellat together with remains of fish and reptiles {Acft'odus s^tzhcrgenm. Ichthyo- 
saurus polaris^ Mixosaurus Nordenskioldii),^ An upper Tiiassic terrestrial iloia is 
likewise preserved in the strata of Research Bay, Spitzbergen. 

Austoralasia. — Returning now to the Pacific basin we may follow the Tiiassic develop- 
ment southward. In New Caledonia the detection of Phyllocm'os, Steuarcestes^ Pscudu- 
morwtis and other fossils indicates the probable existence there of the Juvavian stage. “ 
In New Zealand also the same stage is probably represented by the strata which have 
famished specimens of Paeudomomtis, HalolHa^ Clydonantilm and FauMlus.^ In this 
colony Sir James Hector has grouped under the name of Trias a great thickness of strata 
divisible into three series. (1) The Oreti series — a thick mass of green and grey tuff-like 
sandstones and breccias, with a remarkable conglomerate (50 to 400 feet thick) contain- 
ing boulders of crystalline rocks sometimes 5 feet in diameter, found both in the North 
and South Islands ; fossils, chiefly Peimian and Triassic, but with a Pcntam%nu^ like 
a Jurassic species. (2) Above these beds lies the Wairoa series, containing Monoiis 
salinctria, ffaldbia ZomTncU, &c., and also x>laut8, as Bamiuiaraf, Olossopt&ris, Zamites, 
&c. (3) The Otapiri series, which, from the commingling of fossils nearly allied to 
^Jurassic species with others which are Triassic and some even Permian, and from the 
jiresence of many forms identical with those of the Rlimtic foimations of the Alps, is 
assigned to the Ui^per Trias or Rhaetic division.® 

The indications furnished by the rocks of New Zealand as to the southern limits of 
the open sea of Triassic time are supplemented and made clearer by the evidence afforded 
by the rocks of Australia. Thus in New South Wales an unmistakably terrestrial 
condition of sedimentation is revealed by the Hawkesbury series— a succession of 
yellowish-white sandstones and shales provisionally placed in this system. This seiics, 
which lies upon the Permian or Permo-Oarboniferous Coal-measures, sometimes with 
no apparent break and sometimes with a decided unconformability, has been sub- 
divided into three groups.® At the base lie (1) the Narrabeen beds, made up of sand- 
stones and shales which range from 360 to 1900 feet in thickness. Their moat con- 
spicuous features are a band of purplish-red shale at the top, 'and the occurrence of 

^ ‘ Outlines of the Geology of Japan,* published by the Imp, Geol. Tokyo. 1900, p. 48. 

2 A. E. Nordenskidld, Geol. Mag. 1876, p. 741 ; A. Bittuer and A. Teller, M6m, AciuL 
St. PSiershoiirg, vol. xxxiii. ; Mojsisovics, Verhmidl. k. k. Geol. Reichsamt. 1886, No. 7. 

® Mojsisovics, Compt. rend. 18th Nov. 1895, 

^ Mojsisovics, Verha7idl. Oeol. Relchsanst. 1886. 

® ‘Handbook of New Zealand,* p. 33. F. W. Hutton, Q. I. G. S. (1885), p.^02. 

® 0. S. Wilkinson, ‘Notes on Geology of New South Wales,’ Sydney, 1882, p. 63. 
0. Peistmantel, Mem. Ged. Swrv. N.S. Wedes, PaZssontology^ No. 3 (1890) ; R. Etheridge- 
jun. op. cit. No. 1 (1888) ; T. W. Edgeworth David, Anniversary Address, Roy Soc N.S 
WaUs, 1896, p. 60. 
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flakes and veins of metallic copper among the purplish, gritty, and shaly strata,' which 
have been described by Professor ICdgeworth David as tutf.^ In the centre come (2) 
the Hawkesbury sandstones, which form the picturesque cliffs around the coast of 
Port Jackson, and have furnished the stone for the principal public buildings in Sydney. 
They vary from about 250 feet thick in the Western division of the Blue Mountains to 
more than 1000 feet fui*ther east. They have yielded TJimnfeldia^ Gleichmites, Fhyllo- 
theca, Equisetum, &c. At Gosford, near the base of the gi‘oup, in a thin seam of grey 
shale, a large collection of fossil Ashes has been obtained. The animals seem to have 
lived in some land-locked lake or estuary, and to have been killed in large numbers by 
the sudden silting up of the water with coarse sand and gravel. They belong to at least 
six genera, four of which occur in the European Ti’ias. Of these four, two {Dictyopyge 
and Scmmiotus) are typically Triassic, while the third {Belonorliy'iicTms) commonly 
ranges to the Lias, and the fourih {Plwlidophorm) is best developed in the Jurassic 
system. The fifth genus {Pristisomus) is new, but scarcely higher in rank than Semio- 
notics, while the sixth {OleUliTolepis) has only been definitely recognised in the Stromberg 
beds of South Africa, the age of which may be Triassic or Lower Jurassic.® The group 
has likewise yielded MastodoTLsmt^rus and a marine gasteropod {Tr&inaiiotus). The 
highest member (3), the Wianamatta shales, consists of dark gi’ey strata with clay- 
ironstone and thin seams of coal. Among its fossils, which are abundant in the lower 
pai-t, dwarfed foims of Unionidie are conspicuous ; Mastodonsauriis has likewise been 
found, together with Pcdn>oniscus and Gleithrolepis, The tolerably abmidant plants are 
chiefly ferns {Thinnfeldia, Macrots&niopteris). 

Africa. — In South Africa the “ Karoo beds,” which have already been referred to as 
spreading over a wide area of country, in nearly horizontal sheets of incoherent sandy 
materials, and from which so remarkable an assemblage of amphibian and reptilian 
remains has been obtained, appear to represent the various formations which in other 
regions constitute the Permian and Triassic systems. Their lower pai‘ts may be of 
Carboniferous age, while their higher members may be Rhrotic. We have considered the 
lower and middle groups of the three divisions into which they have been separated, and 
have seen the remarkable similarity of their palceontology to that of the Lower Gondwana 
formations of India. The third or upper group, known as the Stormborg beds, presents 
a not less stxiking resemblance in its floA, to that of the Hawkesbury series of New South 
Wales. Among the species common to Africa and Australia arc SpJienopteris elongatay 
Thmnfeldia odotiioptcroides, T, tnlohata, Ts&niopteris Ga/rruilmsi^ T, Daintraei and 
Podozcmitcs elongatus. The Sti'omberg bods have likewise furnished Baiera Salh&ncki^ 
and species of Pecopteris, &c. This assemblage of plants does not include 

Glossopteris, and indicates a later flora probably of Triassic age. The group may bo 
paralleled with the Pauchet rocks of India. It has also yielded Ekynodmi and other 
reptilian remains. 

North America. — Bocks which are regarded as equivalent to the European Trios 
cover a large area in Noi-th America. On the Atlantic coast, they are found in Prince 
Edward’s Island, New Brunswick, and Nova Scotia ; in Connecticut, New York, Penn- 
sylvania, and North Carolina ; in Honduras and along the oliain of the Andes into 
Brazil and the Argentine Republic. On the western side of the Rocky Mountains they 
reappear in Idaho and sti’etch through California into British Columbia. They consist 
mainly of red sandstones, ^jassing sometimes into conglomerates, and often including 
shales and impure limestones. But an important distinction may be drawn between 
their development in the eastern and central parts of the continent, on the one hand, 
and along the Pacific 'slope on the other. In the latter region it is the pelagic type of 
the system which is developed, in the former it is the lagoon type. 

On the Pacific slope and eastwards into Idaho, strata which may represent the Trias 

^ Rep, Austral, Assoc. Sydney, i. (1887), p. 276. 

® A. S. Woodward, Mem, (Jeof, Surv. N.S 'WdLes^ Pcdseontology^ No. 4 (1890), p. 54. 
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are estimated to reach a thickness of sometimes as much as 14,000 or 16,000 feet. The 
stages of the system as worked out in the Mediterranean basin have been more or less 
clearly identified among these strata by means of their fossils. What may be the 
Jakutiaii stage is found in south-eastern Idaho among the so-called Meehoccraa-h^^^ of 
Aspen Mountain, which contain if. aplmiahm, if. mmhhacJdanum, 

and a species of Arcestcs, The same stage appears to occur in the Santa Ana Mountains, 
California, where a species of Paeitdcmoiioiis lilie F. clami of the 'Werfen gi’oup, a trachy- 
ostracan ammonite and what is probably a KfiyncTmiclla have been found. In Shasta 
County, of the same State, a series of shales with Trachycema ?, Proarceatca, and Pamiclo- 
monotia may be Dinaiiau. Fossils belonging to the Muschelkalk horizon have been 
obtained from the Star Peak Range in ITevada — Tmchyccras, Acrocliordiccras, Eutomo- 
ce^'os, Arccstest Ortlioceras, genera common to the Trias of the Mediterranean province. 
The RToric and Carinthian stages of Plumas and Shasta Counties, California, are well 
represented by a large list of fossils, among which twenty or more species are believed to 
be identical with or closely related to forms found in the Eastem Alps, such as species 
0 ^ Eutoniocercta, Jumviteat Sageniics, Tropitea (including T. auhhiUaUf^a.riAtorqvfillat'iia), 
TracHiyccraa^ TiroUtes^ Namiitas, Haldbia, {H. Lmmielif 8npeo'ha\ and Monotia aaliimna. 
The uppermost member of the Trias of California, tlie Hosselkus limestone, abounds in 
cephalopods. Its upper part, containing JUiahdoc&i'aa^ Tropitea^ PaTatropUca and Haloritcai 
may possibly belong to the Juvavian stage.^ The IToric stage has also been found in 
British Columbia. 

In the interior of the Continent, deposits marking inland seas cover vast arefis 
from Wyoming to New Mexico. They contain beds of gypsum and rock-salt, and 
have yielded a few lacustrine or brackish •water shells. They occupy the position of 
the Trias, and are from 600 to 2000 feet thick. It is on the Atlantic border, how- 
ever, that the. lagoon type of the Trias is best developed. The strata which represent 
the Triassic 'v^'■ater-basms may be ti’aeed in separate areas from Nova Scotia to South 
Carolina. They have long been known and described in Connecticut, and in the wider 
tmet from New Jeraey through Pennsylvania and ,Maiyland into Virginia. Tho term 
“ Newark series ” has been applied to this group of 'strata, consisting chiefly of red sand- 
stones, interstratified with conglomerates, breccias, shales, occasional impure limestones 
and, in Connecticut, several intercalated sheets of igneous rocks. In tho last-named 
state they have been estimated to be from 7000 to 10,000 feet thick.® 

The flora obtained from these strata presents a general resemblance to that of the 
European Trias. In Connecticut and New- Jersey it includes horse-tails [Eqiviactum, 
Schizo7heura)t cycads [PteropJiyllnm, some Eiu’opoan species), Zamitea, Oloi^amitca, 
Spherwmmites, Mlssonia polymoipha, DioonUes), ferns {Pecopteria, Nmroptei'iaf Ttmio- 
pteris, Clathropteria) and conifers {CheiroUpia),^ In Virginia, where tw^o distinct 

^ P. B. Meek, OeoL Mxplor, Fortieth Parallel, vol. iv. Part i. ; A. Hyatt, JivlL 
OeoL Soc, Amer. iii. (1S92) ; Qabb, PalseaiitoJogy of Calif orryia-^ vol. i. ; J. P. Wliiteavcs, 
Contrilmtions to Canadian Palmntology, i. Part ii. p. 127 ; J. P. Smith, Jmm, OenU vol. ii. 
p. 602 ; iii. p. 374 ; iv. p. 386. 

® Professor Emerson, Mon. U.S. G. S. xxix. (1898), pp. 351-517. W. M. Davis, 1th 
Amu Rep. U.S. G. S. (1888), p. 455 ; 18th Amu Rep. U.JS. U. K Pai't ii. (1898), pp. 1- 
192. I, C. Russell, A*. i7.»S^. O. K No. 86, (1892). W. H. Hobbs, %\8t Ann. Jtep, 
U.S. G. S. 1901, Part iii. pp. 7-162. Numerous other nou-ofiicial papers have been 
published on the “Newark system.” The distribution of the i-ocks aud the theorig? regard- 
ing their origin have been stated by Mr. Russell in the paper hero cited, which also gives an 
exhaustive bibliography of the subject. The most recent discussion will be found in Mr. 
Hobbs’ essay, which contains also a chapter on the tilting aud dislocation of the Pomerang 
Valley, and another on the results of the denudation of the region. 

» J. S. Newberry, MMiograjih V.S. 6eol. Sw-vey, vol. xiv. (1888), uud Amer. Jouni. &i. 
zxxvi. (1888), p. 342. 
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Mesozoic floras have been preserved, the older appears to he not more ancient than the 
Rhsetic stage. So abundant is the vegetable matter in the sandy strata of the series as 
to form seams of workable coal, one of which is sometimes 26 feet thick. The plants 
include species of Equisctiim, Schizonmra, Macrot&niopteriSf AcrosticfiUes, GladophlehiSf 
LoncJiopteriSf Clatli>ropteris, Pterophyllum, OteiwjphylVmi, Podommites^ GycadiJtes, Zamio- 
strdbus, Bai&ra, CflmrolepiSy &o. Again in North Carolina a coal-bearing formation 
occurs with a similar flora, 41 per cent of the plants being also found in Virginia.^ 

The fauna of the North American Triassic rocks is remarkable chiefly for the num- 
ber and variety of its vertebrates. The labyiinthodonts are represented by footprints, 
from which upwards of fifty species have been described. Samian footprints have like- 
wise been recognised ; in a few cases their bones also have been found. Some of the 
vertebrates had bird-like characteristics, among othew that of three-toed hind feet, 
which produced impressions exactly like those of bu*d8 (pp. 1089, 1090). But, 
as already remarked, it is by no means certain that what have been described as 
“ ornithichnites ” were not really made by deinosaurs. The small insectivorous 
marsupial {Drc/ifmthci'Viim) above referred to, found in the Trias of North Carolina, 
is the oldest American mammal yet knowm. 

Section ii. Jurassic. 

This great series of fossiliferous rocks, first recognised by William 
Smith in the geological series in England, received originally the name 
of “ Oolitic ” from the frequent and characteristic oolitic structures of 
many of its limestones. Lithological names being, however, objection- 
able, the term “Jurassic,’’ applied by the geologists of France and 
Switzerland to the great development of the rocks among the Jura 
Mountains, has now been universally adopted to embrace the whole 
series of formations from the top of the Rhsetic strata up to the base of 
the Cretaceous system. 


§ 1. General Characters. 

Jurassic rocks have been recognised over a large part of the world. 
But they do not present that general uniformity of lithological character 
so marked among the Palaeozoic systems, especially the older members of 
the series. The lithology indeed can be seen to become more diversified 
as we ascend in the geological record. The suite of formations now to 
be described changes as it passes from England across France, and is 
replaced by a distinctly diflterent type in Northern Germany, and by 
another in the Alps. If we trace the system farther into the Old W’orld 
we find it presenting still another aspect in north-western India, while in 
America the meagre representatives of the European development have 
again a facies of their own. Hence no generally applicable petrographical 
characters can be assigned to this part of the geological record. 

The* flora of the Jurassic period, so far as known to us, was 

1 W. M. Fontaine, Mwwgr. Qed, vol. vi. (1883). The younger Mesozoic 
flora of Virginia is probably Neoconiiau {postcc^ i\ 1210). See also Mr. Lester Ward’s 
important memoir on the “Btatus of the Mesozoic Floras of the United States,” Part i., in 
20^/i- Ann, Rep. U. K O. S. 1900. 
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essentially gymnospermous.^ The Palaeozoic forms of vegetation trace- 
able up to the close of the Permian system are here absent. Equisetums, 



Pig. 41T.— Jurassic Penis (Liower Oolite). 

rt, Sphenopteris ; Z), Toeniopteris major, Lindl. and Hutt. (g) ; c, Todites Williamsoni, Brongn. 
(nat. size and mag.) ; d, Laccopteris polypodioides, Brongn. (nat size and mag.). 


SO common in the Trias, are still abundant, one of them {E. aremceum) 

attaining gigantic proportions. Ferns like- 



wise continue plentiful, some of the chief 
genera being Cladojthlebis^ Conioptmis^ IHctyo- 
phyllum, Lacoapteris, Sagenopferis, Splimoptm'l% 
Todites^mA. Tssnioptem (Figs. 417, 418). The 
cycads (Fig. 41 9), however, are the dominant 
forms, in species of Gtenis, Dioonites, Nik- 
sonia, Otommites, Podozamites^ PfdlozainiUa 
JFilUanisonm^ &c. The family of Gink- 
goacese, represented by the living Ginkgo 
or Maiden-hair tree of China and Japan, 
appeared in the Jurassic forests in species 
of Ginkgo, Baiem, and Bemia. From the 
upper part of the system in Portugal some 
plants have been obtained, which, if really 
primitive angiosperms, as has been supposed, 
are the earliest known fore^unners^ of the 

^ The entire known Jurassic flora of Britain up to 


Pig.418.^uiassicPem-^T»niopteris Portlandian stage was estimated in 

vittata, Brongn. (i). 1882 to comprise between 60 and 70 genera and about 

200 species — a scanty fragment of the whole vegetation 
of the period. Etheridge, Q. L 0, S, 1882, Presidential Address. 
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familiar plants of the present time.^ Conifers are found in some numbers, 
particularly the genera Araucantes, Ori/ptomerites, Nageo^sis, 

Fagiophyllmn, Finns, Taxifes, and this flora appears to have flourished 
luxuriantly even as far north as Spitzbergen, where the large number of 
cycads gives an almost tropical aspect to the Jurassic vegetation of this 
Arctic island.® 

The Jurassic fauna® presents a far more varied aspect than that 
of any of the preceding systems. OvTing to the intercalation of fresh- 
water, and sometimes even terrestrial, deposits among the marine formar 
tions, traces of the life of the lakes and rivers, as well as of the land 
itself, have been to some extent entombed, besides the preponderant 
marine forms. The conditions of sedimentation have likewise been 



Fig. 419.--JnraBBic Cyca<lrt (Lower Oolites). 

(t, Williainsonia gigiui, Carr (i ) ; h, Otossaiuitos ucumiuatuK, Liiirll. and Hiitt. Q ) ; 
r, WilliaxnBoniu x)ecton, riiUl. (nat. size and iiiog.). 


favoui*able for the preservation of a succession of varied phases of marine 
life. Professor Phillips directed attention to the remarkable temaiy 
arrangement of the English Jurassic series.^ Argillaceous sediments are 
there succeeded by arenaceous, and these by calcareous, after which the 

^ De Saporta, Oomj)t rmd. cxi. p. 812. L. F. Ward, Ann, Rep. r.S. S. p. 
620. 

0. Heer, J{. iSvenak, Vet, Akatl. JIandl, xiv. No. 5, p. 1. The Jurassic flora is 
discussed by L. F. Ward iu the memoir cited ou p. 1111. See also his description of a new 
genus (OycxuMUt) and 20 new species of Cycadean trunks from the Jurassic rocks of Wyom- 
ing, WiLuhington, Acad. Scui. (1900), pp. 258-300. A. 0. Seward, “Tlie Jurassic 
Flora,’’ forming part of the Catalogue of Mesozoic Plants published by the Trustees of the 
British Museum, Part i. 1900. Fontaine, Monngr, VI, V.S, G\ 8. 1883. 

® Tlie total Jurassic fauna of Britain up to the top of the Portlandiau stage was 
estimated in 1882 to include 450 genera and 4297 species, which is likewise but a small 
proportion of the whole original fauna ; Etheridge, op. supra cit, 

* * Geology of Oxfordshire,’ &c. p. 393. 
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argillaceous once more recur. These changes are more or less local in 
their occurrence, but five repetitions of the succession are to be traced 
from the top of the Lias to the top of the Portlandian stage. Such an 
alternation of sediments points to interrupted depression of the sea- 
bottom.^ It permitted the growth and preservation of different kinds of 
marine organisms in succession over the same areas, — at one time sand- 
banks, followed by a growth of corals, with abundant sea-urchins and 
shells, and then by an inroad of fine mud, which destroyed the corals, 
but in which, as it sank to the bottom, the abundant cephalopods and 
other mollusks of the time were admirably preserved. 

Sponges abounded on some parts of the floor of the J urassic seas. 
Lithistid genera form thick beds in the Upper Jurassic Spoiigitenkalk oi 
Franconia and other parts of the European continent. Calcareous 
sponges are represented by numerous genera {Peronidella, Goryndki, 
Professor Rothpletz has described horny sponges from the Upper Lias of 



Fig. 430.— JurasHie Corals (Middle Oi>Ute). 

fl, Isastreea helianthoides, Qoldf. ; 7;, Montllvaltla dl.<»par, Phill. ; c, ComoHOrls IvTadiatw, M. Kdw. 


AVurtemberg,, and more recently an example from the Dogger of the 
Bernese Oberland in which recognisable diatoms were enclosed.‘-^ 

A characteristic feature of the Jurassic fauna is the abundance of its 
beds or banks of coral. During the time of the Corallian formation, in 
particular, the greater part of Europe appears to have l^eon submoi’ged 
beneath a coral sea. Stretching through England from Dorsetshire to 
Yorkshire, these coral accumulations have been traced across the Con- 
tinent from Noraiandy to the Mediterranean, over the east of France, 
through the whole length of the Jura Mountains, and along the 
flank of the Swabian Alps. The corals belonged to the genera Inastmuty 
Astroemmay Thammstma, Amibacm, ThecosmUia, Montlivaltidy &c. (Fig. 
420). In the Jurassic seas generally Echinoderms were abundant, but 
the types of Palaeozoic time had now entirely disappeared. The Grinoids 
were now represented by comparatively few forms, such as the genera 
Pmiiwrinus (Fig. 421), MillmHcftinm, and Apiomnus, Among those the 
multiplication of identical or nearly identical parts reaches a climax in 

^ Ante, p. 649. 

2 Z. D. G, G. xlviii. (1896), p. 905 ; 1900, pp. 154, 388. 
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the Fentamnus fossilis, which is estimated to have possessed no fewer than 
600,000 distinct ossicles. There were like^vise several forms of star-fishes, 
hut it is in [the great profusion of echinoids that the eehinoderms now 



Piff. 421.— Ua» CrlnoidB. 

ff, Isocrhins bftHaltifonnis, Goldf, (side view and end view of jwvrt of Kteni) ; 
hj Peiitauriinis fossilis, Blmn. (-Ijriarcus, Mill.) (^>. 


begin to bo distinguished. Among these the genera Aamalenia, Cidam 
(Fig. 422), HemiddariSj Ql'i/pHcftts, Fseiidodiademat Emnipedinci, NucleoUtes 
(Eilmohmms), Glypnis, Pygastet^ Fyguim, and CoUyntes were conspicuous. 
■Polyzoa of creeping, foliaceous, and dendroid types abound on many 
horizons in the Jurassic system. They include the genera Stomatopora, 
ProhosrAtia, Bmniceti^ Dmtopora, Idmonea, Spiropm, Apsmdesk^^ Genopora^ 
ffr/rroptim. They occur plentifully in the Pea- 
grit b(‘(ls of the Inferior Oolite near Cheltenham, 
and Forest Marble near Bath, and still more 
abundantly near Metz and near Caen.^ The 
brachiopods (Figs. 423, 424) continue to decrease 
in importance compared to the prominence they 
enjoyed in Palmozoic time. So far as known, Pit?. 422.— Jurassic sea-urchin, 
they chj^fly belong to the Terebratulidae, Rhyn- oidaris norigomma, Phiii. 
chonellidm, and Thecidiidse, though the Lingulidse, coraniau. 

Discinidfie, and Craniidse still occur as they do in our present seas 
The last of the ancient group of the Spirifers were represented 

1 F. D. Longe, GeoL Mag. 1881, p. 23. British Museum “Catalogue of Jurassic 
Bryozoa,*’ by J. W. Gregory, 1896. 
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by SjpiTiferinOi and Suessia, whicli did not outlive the Jurassic period. 
The Athyrids also now die out with the genera ^w/phicliTid and 
Koninckella. Among the lamellibranchs (Figs. 425-428) a number of 
still living families now began their existence, such as the Arcidae, 
Anomiidse, Anatinidse, Thraciidae, Oyrenidae, Isocardiidae, Veneridae, 
TeUinidae, Pholadidae, and Donacidae. Some of the more abundant 
Jurassic genera are Avicula, Psevdorru^notis, Aucella, PosidonoTni/a, Gervillui, 



Fig. 428.— OoUtic Brachiopods. 

u, Khynehonella (Acantliothyris) spinosa, ScMoth. Lower Oolite ; 6, Terebratnla PhillipKii, 
Mor. (J), Lower Oolite ; c, Ehynclionella pingiiis, Boein., Middle Oolite. 


Ostrea^ Gryphm,, Bxogyra, Lima;, Pectm^ Pinna, Astarte, CoA'dinia, Ca/j'dium, 
Gresslya, Hippopodium, Modiola, Plmromya, Cyp'ina, hocmdia, Plioladmya, 
Goniomya, and Trigonia, Some of these genera, particularly the tribe of 
oysters, are specially characteristic : Chyj^m, for example, occuiTing in 
such numbers in some of the Lias limestones as to suggest for these 
strata the name of ‘‘Gryphite Limestone,’’ and again in the so-called 
“ Gryphite Grit ” of the Inferior Oolite. Diflerent species of Trigonm,^ 



Fig. 424.— Lias Braclilopods. 

(t, Oadomella Moorei, Dav. <nat. size and enlarged) ; h, Spiriforina Walcottii, Sby. 


a genus now restricted to the Australian seas, are likewise distinctive 
of horizons in the middle and upper part of the system. Of the^astero- 
poda some families that can be traced far back into Palssozoic time 
and still survive at the present day reached their highest development 

^ This genus affords an instructive example of the remarkable changes of form which 
some genera of shells have undergone. See Lycett*s monograph on Trigonia, Palmonto- 
graph. &oc. 
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ill Jurassic seas. Such were the Pleurotomariidse, Turbinidse, Neritop- 
sidsB and Pyramidellidse. The last of the pteropod-like genus Gonulana, 
which attained its culmination in the Silurian period, now finally died 
out in the time of the Lias. The more abundant gasteropod genera 



FI|? 426.— LiaHSic LanielUbranchs. 

<f, (;ryi)Uu‘u cymbiunj, Um. Qf); h, Lima «i«ant««., Sby. (J); <s Giyplioa arcuata, Lam. (Incurva, 
Hyh. 9) ; (f, Hippopodlum pondorosuiu, Sby. (i) ; e, PoBidonomya Bronuli, Goldf. nat. size) ; 
Nucula llatnmerl, Dcfr. 

(Pig, 429 ) in the Jurassic system of Britain are Aciseonina, Alaria, 
AmUrhya, (JerUhium, Natica, Ne^inm, Pleu/rotomma (nearly eighty species), 
PHendmnelania, Purpuroidea, Trochus^ Turbo, and Tumtella} 

^ W, ?T, Hudluflton and E. Wilson, ** Catalogue of Britisli Jurassic Gasteropoda,” 1892. 
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But the most important element in the molluscsan fauna was un- 
doubtedly supplied by the cephalopods. The Ammonites, which reached, 
their climax in Triassic time, though still abundant in Jurassic waters 
were already on the wane. Of the nine families which have been 
observed in the Trias only one (that of the Phylloceratidse) can be traced 
through the Jurassic and Cretaceous formations. Of the dibranchiate 



Fig. 426.— Lower Oolitic Laiuellibraiichs. 
a, Trigonia navis, Lam. (0 ; 7), Mocliola sowerbyana, D'Orb. (i). 


types the Belemnoidea, which begin in the Trias, rapidly reach a remark- 
able abimdance and variety in the Jurassic formations. But they 
decline in the Cretaceous system, and are represented at the present day 
by only a single living genus (Spinda). The Sepioidea make their first 
appearance in the Lias {BelotmtUs^ Geotmthis, Teuthopsis), and still survive 
in our modem cuttle-fishes. As has been apparent in the foregoing 



• a 

Fig. 427.-^(11(1(110 Oolitic Lainellibrtinchs. 
a, OBircft (Alectryonia) Imstcllnta, Sclilotli. (J) ; 7>, Trigonia clavellata, Sby. (i). 

description of the Trias, and as will be still more noticeable in the follow- 
ing account of the Jurassic system, the cephalopoda possess a great 
importance to the geologist, for their limited vertical range makes them 
extremely valuable in marking successive life-zones.^ The Jurassic forma- 
tions have been divided into a series of platforms, each characterised by 

^ Students interested in the phylogeny of these organisms will find a suggestive paper 
by A. Hyatt, “Evolution of the Faunas of the Lower Lias,** in the Proc. Bostm J^oc, Eat. 
Hist. xxiv. (1888), p. 17. 
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some predominant species or group of Ammonites. In the older part of 
the Jurassic system the genera Anetites, AEgocmm^ Amaltheus, Earpocems, 
Lgtocerm, Oxynoticeras^ Phyllocenis, and Stepheoc&tm are characteristic (Figs. 
441, 442, 443). Higher up, besides some of these genera, we find 



Fig. 428.— Upper Oolitic Tjjuuelllbmticlifj. • 

Rxogyni virgultt, D’Orb.; b, Oatrea deltoideo, Sby. 0; c, Astarte hartwellenRia, Sby. (i) ; d, I’roto- 
cardia atriatula, Sby, (i-) ; e, Trigonia gibbona, Sby. (J) ; /, Protocardia dissiiulllR, Sby. (i). 

Peri^himtes, Cardiocmis, Kepplmites, and Aspidoceras’ (Fig. 
445), and in the upper parts Peii^hinctes, Olmteplmms^ ReinccUa^ and 
Oppdiiu The Belemnites (Fig. 430), like the Ammonites, though in a 
less degree, serve to mark life-zones. 



Fig. 42&.— JiimHBic OusteroptMis. 

(fjtNatlca huUiaiia, Tjyc. (Lower Oolite) ; ?t, Norita contulata, Denli. (Lower Oolite, 
iiat Hizo aud mag.) ; c, Plourotomarla reticulata, Sow. (Klmeridge clay, ^). 


No contrast can be more marked than between the crustacean fauna 
of the Jurassic and that of the Palaeozoic systems. The ancient trilobites 
and eurypterids are now replaced by tribes of long-tiiiled lobsters and 
prawns {Pen^is, Aeger^ EryoTij ScapJieus, Enjrm, Magila, ^c.) while the 
earliest brachyurous forms ^ (Prosppon) now make their appearance. 

’ For an account of the Jurosaic decapods of North Germany see G. Krause, Jj, 0, (L 
1891, p. 171. 
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These were accompanied by a few Isopods, some of which have been ex- 
cellently preserved in the finer-grained strata {Arclismisms^ Gyclosphs&roma). 



Fig. 430. — .Tura.ssic Beleiiinitoa. 

Beleimiites piixillosus, Sclilotli. (Liaa, i) ; 6, B. irregwlarlK, Schloth. (Lius and Lower Oolite, 
nat. size) ; c. B. Imstatus, Blainv. (Middle Oolite). 


Here and thei*e, particularly in the Jurassic series of England and 
Switzerland, thin bands occur containing the remains of terrestrial 
insects (Fig, 431). The neuropterous forms predominate, including 





Fig. 431.— Insects, Purbeck Bods. 

«, 6, Wings of Neuropterous Insects (OrthoplOeb^la) (nat size and luag.) ; r, CamhiMmit 
elonffotim (iiat. size and mag, Brodle, ‘ Foss. Insects,’ j»l. II. and v.) 

remains of dragon-flies, mayflies, and white-ants. There are also orthoii- 
terous genera, such as cockroaches, grasshoppers, earwigs, crickets, and 
walking-stick insects. The elytra of beetles, owing to their durability. 




Fig. 482.— Jurassic Eiialiosanrs or Sea-lizards. 

E, Iclitliyosaams communis, Conyb. (restored by Coiiybeare and Cuvier) ; b. Plesiosaurus Uolichodeims, Conyb. (restored by Conybeare). 
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They belong to still familiar types (Curculionidse, Chrysomelidae, Bupre- 
stidse, Elateridse, Melolonthidse). The hemiptera are well represented 
even as low down as the Lias. The earliest flies (Diptera) are found in 
the same formation, and they occur in different platforms higher up in the 
system. The earliest ants (Hymenoptera) have likewise been furnished 
by the Lias and the fine-grained upper Jurassic limestones.^ 

In few departments of the animal kingdom was the advent of Mesozoic 
time more marked than among the fishes. The Palaeozoic types, with 
their heterocercal tails, had nearly died out. The sharks and rays were 
well represented by species of Aorodus and Hyhodus, while the ganoids 
appeared in numerous, mostly homocercal genera, such as Lepidotus, 
Eapedius, Tetragonolepis, Mesodon, Microdon^ Gyrodus^ EugmtJuis, Caturus, 
Eiithynotiis, and PholidopJwriLs. A few teleosteans occur {Leptokpis, 
Thrissops). 

But the most impressive feature in the life of the Jurassic period was 
the abundance and variety of the reptilian forms. Mesozoic time, as 
already remarked, has been termed the “ Age of Eeptiles,” and it was 
especially during the Jurassic period that reptilian types reached their 
m.aximum development. The ancient order of labyrinthodonts and the 
abundant anomodonts of the Trias disappeared, and their places were 
taken by other new orders which, after a wonderful profusion of types 
had been reached, died out in Mesozoic time. The earliest known 
Chelonia, which come from the Keuper of Wiirtemburg (Proydnochelys), 
are succeeded in the upper Jurassic formations by other forms which 
elosely resemble living types. Numerous fragments, which may be 
lacertilian, have been obtained from the Purbeck Beds. The bones of 
various crocodilian genera occur, such as 2'eleosaums, Ffdaffostfurns, Steneo- 
murus, Mystiiosaums^ and Goninpholis, Steneosaurics, found in the York- 
shire Lias and the Stonesfield Slate, was a true carnivorous crocodile, 
measuring about 18 feet in length, which ventured perhaps more freely 
to sea than the gavial of the Ganges or the crocodile of the Nile. Of 
the long-extinct reptilian types, one of the most remarkable was that of 
the enaliosaurs or sea-lizards. One of these, the Ichthyosmi/i'us (Fig. 432, a), 
was a creature with a fish-like body, two pairs of strong swimming 
paddles, a vertical tail- fin, and a head joined to the body without 
any distinct neck, but furnished with two large eyes, having a ring 
of bony plates round the eye-ball, and with teeth that had no distinct 
sockets. Some of the skeletons of this creature exceed 24 feet in 
length. Contemporaneous with it was the Plesiosaunis (Fig. 432, &), 
distinguished by its long neck, the larger size of its paddles, the smaller 
size of its head, and the insertion of its teeth in special sockets, as 
in the higher saurians. These creatures seem to have haunted the 
shalloV Liassic • seas, and, varying in species with the successive ages, 
to have survived till towards the close of Mesozoic time.^ Tfce genus 

1 A. G. Butler, Qeol. Mag. x. (1873) p.2 ; i. 2na ser. (1874) p. 446. Scudcler, /?. U.K 
O, 8, No. 71 (1891), p. 175, and authorities there cited. 

® On the disti’ibution of the Plesiosaurs see a table by G. F. Whidborne, Q. J. (/. K 
(1881), p. 480. 
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Pliosaurus, related to the last-named, was distinguishable froiy it by the 
shortness of its neck and the propor- 
tionately large size of its head. Another 
extraordinary reptilian type was that 
of the pterodactyles or dying reptiles 
(Ornithosauria or Pterosauria), which 
were likewise peculiar to Mesozoic time. 

These huge, winged, bat-like creatures 
had large heads, teeth (when present) 
in distinct sockets, eyes with bony 
plates like the the fifth 

finger of each fore -foot prolonged to 
a great length, for the purpose of sup- 
porting a membrane for fiight, and 
bones, like those of birds, hollow and 
air-filled^ (Figs. 433-437). The best- 
known genus, PterodadyluSj had a 
short tail and jaws furnished from 
end to end with long teeth. Others were JHmorphodon, distinguished 



Fig. 433. — .Jumssic Pterosain’. 
ScaphoguathUH craa-sirostris, 
Goklf. (Middle Oolite). 



Fig, 434.— JuniBKlc Deiiiomuu* and rtorosttur. 

1 /, MegaloHaunw Biicklandi (Meyer), tooth (A) ; Mcgalosaurua, rcNtoratlon of liead, after Owen Qff) ; 
c, Rhamphocephalua Bnoklaiidi (Goldf.), reatoHilIon, after Phillips (compare Fig. 437); d, Do. tooth 
(nut. size) ; c, Dij. jiiw (A). 

especially by long antenor and short hinder teeth, and by the length of 
its tail; Bhmyphorhjnchus (Figs. 435-437), also possessing a long tail, 

^ See Marsh on wings of Pterodactyles, Avwr, *Tourn. Sci, April 1882. The remarkable 
■specimen of BJwnn/pli^rhynckm (JR. from the Solenhofen Slate, described by this 

author (Figs. 436-437), possessed a long tail, the last sixteen short vertebrce of which 
supported a peculiar caudal membrane which, kept in an upright position by flexible spinc.s, 
must have been an efficient instrument for steering the flight of the creature. Tlie three 
figures which illustrate this structure were supplied by the late Professor Marsh. 




1]24 


STEATIGBAPHIOAL GEOLOGY book vi part hi 


"vvith a caudal membrane and having formidable jaws, which may have 
terminated in a horny beak; Scajohognathm^ with a massive skull in 
which the teeth stretch along the whole length ; Bhamphocephalus and 
Don'ygnafiius. These strange harpy-like creatures were * able to fly, to 



shuffle on land, or perch on rocks, perhaps even to dive in search of tl5eir prey. 
The long slender teeth which some of them possessed probably indicate 
that the creatures lived on fish. Lastly, the most colossal living beings 
of Mesozoic time, and, indeed, so far as we know, of any time, belonged 
to the ancient order of Deinosaurs, which then attained their maximum 
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development. In these animals, which appeared in the earliest Mesozoic 
ages, ordinary reptilian characters (as already remarked) were united to 
others, particularly in the hinder part of the skeleton, like those of birds. 
It was during the Jurassic period that the Deinosaurs reached their 
culmination in size, variety, and abundance. The 
most important European Jurassic genera are 
Comj)SognatJms, MegaIosa%trus (Fig. 434), and Geiio- 
smriLS. In the little Comjisogmtfhiis, from the 
Solenhofen Limestone, the bird-like affinities are 
strikingly exhibited, as it possessed a long neck, 
small head, and long hind limbs on which it must 
have hopped or walked. The Megahsaurus of the 
Stonesfield Slate is estimated to have had a 
length of 25 feet, and to have weighed two or 
three tons. It frequented the shores of the lagoons, 
walking probably on its massive hind legs, and / 

feeding on the mollusks, fishes, and perhaps the 
small mammals of the district. Still more gigantic 
was the Oetiosmnis, which, according to Phillips, prob- 
ably reached, when standing, a height of not less 
than 1 0 feet and a length of 50 feet. It seems to have 
been a marsh-loving or river-side animal, living on the 
ferns, cycads, and conifers among which it dwelt. ^ 

But these monsters of the Old World were 
surpassed in dimensions by some discovered in the 
Jurassic formations of Colorado. Of these, Bronto- 
mums was distinguished by its relatively short 
body, long neck and tail, and remarkably small 
head. Its legs and feot were massive, with solid Pig. 43 G.-.JnrjiaRio rioroBaur. 
bones, and it made footprints each measuring al) 0 ut nhauipiiorhynciius pUyiiurus, 
a square yard in area. Its length is estimated QoWf.). 

at 50 feet or more, and its weight, when alive, 
at more than 20 tons. In habit it was more or less amphibiotis, proliably 
feeding on aquatic plants or other succulent vegettition. The small he^id 
and brain and slender neural cord indicate a stupid, slow-moving reptile.^ 
Stegosaurus had a remarkably small skull with one of the smallest brains 
in any known vertebrate, short massive jaws, very short, powerful fore- 
limbs, and comparatively long and slender hind-limbs. But its most 
singular character was the possession of numerous dermal spines, some 
of great size and power, and many bony plates of various sizes and shapes, 
some of them more than 3 feet in diameter. Thus armed as well as 
protected, it must have been one of the most uncouth monsters that 
haunted the waters of the time. Yet it was itself herbivorous, and 
appears fo have been more or less aquatic in habit. The most colossal 

^ Restorations of some of these antique types of life were mode by Marsh, A mr. Joum. 
3cL 1. (1895) p. 409 aeq., and Mar/. (189C), p. 1 mj, 

^ Marsh, Aiiie}\ Jomn. Scu xxvi. (1883), p. 81. Marsh's latest lists will be found in 
Momgmyh No. xxvii. (1896) U,B, G. S. 
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of all these forms, and, indeed, the most gigantic creature yet known, was 
that to which Marsh gave the name of Athntosaums, It was built on so 
huge a scale that its femur alone is more than 8 feet high, the correspond- 
ing bone of the most gigantic elephant looking like that of a dwarf, when 
put beside this fossil. The whole length of the animal is supposed to have 
been not much short of 100 feet, with a height of 30 feet or more. In 
the same stratum with the bones of Atlmitosaums were found those of an 
allied gigantic animal, Apatosaunis, which must have been at least §0 feet 
long. Diplodocus had such weak dentition as to show that the creature 
was herbivorous, probably living on succulent vegetation. Morosaurus 
was marked by the small size of its head for a body about 40 feet long. 
Besides these various herbivorous deinosaurs, there were likewise bipedal 
carnivorous types that preyed upon them. Among these the best known, 
Ceratosaum-Sj was distinguished by the comparatively large size of its skull, 
which was armed with a high trenchant horn and powerful cutting 



Fig. 437.— Jurassic Pterosaur. 

RliamphorhjTiclms pliyllurus, Marsh (Miinsteii) (l), restorsd by Marsh. 


teeth. The animal was upwards of 20 feet long, and when standing on 
its massive hind feet must have been some 12 feet high. Contempor- 
aneous with these huge creatures, however, there existed in Jurassic 
time in North America diminutive forms having such strong avian 
affinities that their separate bones cannot be distinguished from those 
of birds. Professor -Marsh, who brought these interesting forms to 
light, regarded them as having been in some cases probably arboreal in 
habit, with possibly at first no more essential difference from the birds 
of their time than the absence of feathers.’- Such were the genera to 
which he gave the names of Hallopiis and NanosemuLS, Baptmodon was 
a large swimming reptile, most nearly related to Iclithyommm^ but without 
teeth. Pantosam'us is believed to have been a true plesiosaur with teeth, 

« 

^ For Marsh’s descriptions of Jurassic Deinosaurs see Am<n\ Jmtrn, Sci, xvi, (1878) p. 
411 ; xvii. (1879) p. 86; xviii. (1880) ; xix.‘(1880) p. 263 ; xxi. (1881) p. 417 ; xxii. (1881) 
p. 340 ; xxiii. (1882) p. 81 ; xxvL (1883) p. 81 ; xxvii. (1884) p. 161 ; xx.xiv. (1887) p. 
413 ; xxxvii. (1889) pp, 323, 331 ; xxxix. (1890) p. 415 ; xlii. (1891) p. 179 ; xliv. (1892) 
p. 347. Monoffrajih G. S. No. xxvii. (1896) p. 481, 
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and to have been marine in its habits. There was likewise a small 
crocodile, Goniojpholis {Dijplosmms). 

The oldest known bird, Archmpteryx (Fig. 438), comes from the 
Solenhofen Limestone in the Upper Jurassic series— a rock which has 
been especially prolific in the fauna of the Jurassic period. This 
interesting organism, which was rather smaller than a crow, united some 
of the characters of reptiles with those of a true bird. Thus it possessed 
biconcave vertebrae, a well-ossified sternum, and a long lizard-like tail, 
each vertebra of which bore a pair of quill-feathers. The three wing- 
fingers were all free and each ended in a claw, and there appear to 



Fig. 48S.— Binl (Archjcopteryx inacrura, Owen)— Solenliofon LimeHtoiie (Middle JunuiHic). 
a, Tail and Tail-feathers (i) ; crnwlal vertebno (nat. sixn) ; <*, foot (i^). 


have been four toes to each foot, as in most of our common birds. The 
jaws carried true teeth, as in the toothed birds found in the 'Cretaceous 
rocks of Kansas.^ Eemains of birds have likewise been obtained from 
the Upper Jurassic rocks (Atlantosaurus-beds) of the Wyoming region in 
Western America. The best preserved of these, named by Marsh 
Laopfmjx, was believed by him to luive possessed teeth and biconcave 
vertebriB.® 

The most highly organised animals of which the remains have been 
discovered in the Jurassic system are small forms with monotreme and 
marsupial affinities. Two horizons in England have furnished these 
interesflng relics — the Stonesfield Slate and the Purbeck beds. The 

^ See Marsh, Svi. Nov. 1881, p. 337; (M, Man, 1881, p. 485; Carl 

Vogt, Rei\ Sci, Sept. 1879 ; Seeley, Gedl. Mag* 1881, pp. 800, 454 ; W. Dames, Sitzb, 
Berlin Akad, xxxviii. (1882) p. 817 ; Oeol, Mag, 1882, p. 566 ; 1884, p. 418. 

® Amer, Journ, Set, xxi. (1881) p. 341 ; also xxii. p. 337. 
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Stonesfield Slate has yielded the remains of five genera — AhvpMtylm, 
AmpMlestes, and PhascolotJmium (Fig. 439), probably insectivorous, the 
latter resembling the living American opossums ; AmphitJiermm, re- 
sembling most closely the Australian Myrmecolmis ; and Stereognathm, of 
which the affinities are uncertain. Higher up in the English Jurassic 
series another interesting group of mammalian remains has been obtained 
from the Purbech beds, whence upwards of twenty species have been 
exhumed belonging to eleven genera (Spalacotimium (Peralestes), 
Amblothmwii^ Achyrodon, Kurtodmi, Peramus^ Stylodon^ Bolodoi\ Tnmwdon 



Fig. 48‘.i. — Marsupial from the Stoiiesfiehl Slate. 
Phascolotheriuin Bucklandl, Brotlerip : cr, teeth, magnified ; 7;, jaw, net. size. 



(Tiiacanthodon), Fig. 440), of which some appear to have been insecti- 
vorous, with their closest living representatives among the Australian 
phalangers and American oiiossums, while one, Phigiindax, resembling 
the Australian kangaroo-rats was held by Owen to have 

been a carnivorous form.^ A still more varied and abundant assemblage 
of mammalian remains has been exhumed from the Jurassic rocks of the 
western regions of the United States (p. 1159). 

Geographical Distribution. — The Junissic system covers a vast 
area in Europe. Beginning at the west, remnants of it occur in the far 



Fig. -WO. — Mammals fi’oin the Piu’beck Bods. 
a, Prototheriaii Jttw of Plagiaulax minor, Falconer (?) ; h, same (nat. size) ; o, uiolai’ (?); 
(1, Marsupial Jaw of Triconotloii niorrla.^ (Triacantliodoii .semila), Owor (mit. size). 


north of Scotland. It ranges across England as a broad band from the 
coasts of Yorkshire to those of Dorset. Crossing the Channel, it encircles 
with a great ring the Cretaceous and Tertiary basin of tfie north of 
France, whence it ranges on the one side southwards down the valleys of 
the Saone and Rhone, and on the other round the old crystalline fiucleus 
of Auvergne to the Mediterranean. Eastwards, it sweeps through the 

^ See Falconer, Q. J. (L K xiii. 261 ; xviii. 348; Oweii,V‘Moiiogi'aj)lj of Mesozoic 
Mammals,’* PaXmoTtiograph Soc. 1871 ; ‘Extinct Mammals of Australia,’ 1877 ; Marsh in 
the papers cited {poster, p. 1159). 
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Jura Mountains (whence its name is taken) up to the high grounds of 
Bohemia. It forms part of the outer ridges of the Alps on both sides, 
rises along the centre of the Apennines, and appears here and there over 
the Spanish peninsula. Covered by more recent formations, it underlies 
the great plain of northern Germany, whence it ranges eastwards and 
occupies large tracts in central and eastern Kussia. Neumayr, following 
up the early generalisation of L. von Buch, maintained that three distinct 
geographical regions of deposit, marking diversities of climate, can be 
made out among the Jurassic rocks of Europe.^ (1) The Mediterranean 
province, embracing the Pyrenees, Alps, and Carpathians, with all the 
tracts lying to the south. One of the biological characters of this area 
was the great abundance of Ammonites belonging to the groups of Hetero- 
phylli (Phylloceras) and Fimbriati (Lytoceras)^ and the presence of forms 
of '^Tevehratula of the family of T, dijyhya (janitar). (2) The central European 
province, comprising the tracts to the north of the Alpine ridge, includ- 
ing France, England, Germany, and the Baltic countries, and marked by 
the comparative rarity of the Ammonites just mentioned, which are 
replaced by others of the genera Aspnlocmm and Oppelin^ and by 
abundant reefs and masses of coral. (3) The boreal or Russian province, 
comprising the middle and north of Russia, Petschora, Spitsbergen, and 
Greenland. The life in this area was less varied than in the others ; in 
particular, the widely distributed species of Oppelia and Af^pidoceras of 
the middle -European province are absent, as well as large masses of 
corals, showing that in Jurassic times there was a perceptible diminution 
of temperature towards the north. 

Neumayr subsequently extended these three provinces into homoiozoic 
zones or belts stretching round the globe, and showing the probable dis- 
tribution of climate and life during Jurassic and eaidy Cretaceous times. 
(1) The Boreal Zone descends as far as lat. in North America, whence 
it bends north-eastwards, coming as high as lat. (>3° in Scandinavia; but 
then taking a remarkable bend towards the south-east across Russia, the 
Kirghiz Steppes and Turkestjin into Tibet, about lat. 2 O'* N. and long. 
85° E. This curious projection is explained by the fact that the fauna of 
the Jurassic rocks of Tibet, Kashmir and Nopal, though peculiar, has 
greater affinities with that of the boreal than with that of more southern 
zones. The boreal zone is divisible, as far as yet known, into throe 
provinces, the Arctic, Russian and Himalayan. (2) The North Temperate 
Zone reaches to about lat. 33° in North America. In Europe its limits 
are more precisely defined. It extends from Lisbon across the Spanish 
tableland to the west end of the Pyrenees, thence across the south of 

^ Neumayr, ‘Mura-Stiulieu,” JaM. <teoL lieichmuHtalf, 1871, pp. 207, 451 ; VoflumV, 
OeoL ReirJisavM. 1871, p. 166; 1872, p. 54; 1873, ]). 288. "*Ul)or cliinatiseho Zonen 
wahreiid (tor Jura- mul Kreidezeit,” Denkseh, Wiau AhatL xlvii. (1883), p. 277. ‘Dio 
geograpliisclie Verbreituiig der Jurafonnation,’ op, vAt, 1. (1885), j). 57. Tii tliese memoirs 
the student will liiid inueli iuterestiug speculation regarding zoological distribution, organic 
progress, tind vioifiNitudes of climate during the Jurassic and Noocoinian i)erioilfl. The last 
memoir contains two suggestive maps of Jurassic geography. Consult also Suess* “ Antlitz 
des Erde.” 



1130 


8TRATIGBAPHIGAL GEOLOGY book vi part hi 


France and along the north side of the Alps to the north end of the 
Carpathians, bending southward so as to keep to the north of the Black 
Sea and Caucasus, and then striking south-eastwards into the Himalaya 
chain, where it is nearly cut off by the extension of the Boreal Zone just 
mentioned. In this zone four provinces have been recognised — ^the middle 
European, Caspian, Punjab, and Californian. (3) The Equatorial Zone 
extends southwards to the southern end of Peru, and does not include 
the extreme southern coasts of South Africa and Australia, which with 
the remaining part of South America, lie in the South Temperate Zone. 
In the Equatorial Zone, seven provinces are more or less clearly defined ; 
the Alpine, Mediterranean, Crim-Caucasian, Ethiopian, Columbian, Carib- 
bean (?), and Peruvian. The South Temperate Zone is allowed four 
provinces : the Chilian, New Zealand (?), Australian, and Cape. 

By carefully collecting and collating the evidence furnished by the 
discovery of Jurassic rocks in all parts of the world, Neumayr believed 
himself warranted to give a sketch of the probable geographical distri- 
bution of sea and land during the Jurassic period, and even to reduce the 
data to the form of maps. He thought there was sufficient proof of the 
existence of three great oceans partly coincident with, those still existing 
— ^the Arctic Ocean, the Pacific Ocean, and the Antarctic Ocean. A 
central Mediterranean stretched across the narrow part of the American 
Continent, and traversing what is now the North Atlantic, swept all over 
central and southern Europe, the present Mediterranean Sea, and the 
north of Africa. It joined the Arctic Ocean in the Eussian plain, sent 
various arms into Asia, and passing across central India stretched south- 
wards to the Antarctic Ocean. A long and wide branch extended between 
Africa and a supposed mass of land connecting southern Africa, Mada- 
gascar, and southern India. The chief terrestrial areas of the period, 
according to Neumayr, were the African-Brazilian continent, extending 
across the southern Atlantic ; the Ohinese-Australian continent, extending 
from the north of China over the south-east of Asia to Tasmania and 
New Zealand; the Nearctic continent, extending from south-eastern 
Greenland and Iceland across the North Atlantic to the Gulf of Mexico ; 
the Scandinavian island, the European Archipelago, consisting of 
numerous insular tracts dotted over the Jurassic sea from Ireland on the 
west to southern Eussia on the east ; the Turanian island, lying to the 
east of the Caspian; and the Ural island, on the site of the Ural 
Mountains. But much of this geography rests on slender evidence. One 
of the most remarkable facts pointed out by Neumayr is the extent of 
the overlap of upper Jurassic rocks upon lower members of the system. 
He showed that the Lias was not deposited over an enormous part of the 
earth’s surface, which nevertheless sank beneath the sea wherein later 
parts of the Jurassic series were laid down. 
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§ 2. Local Development. 


Britain.^ — The stratigrapliical succession of the Jumssic rocks was first worked 
out in England by William Smith, in whose hands it was made the foundation of strati- 
gi-ai)hical geology. The terms adopted by him for the subdi\dsions he traced across 
the country have passed into univemal use, and, though some of them are uncouth 
English provincial names, they are as familiar to the geologists of other countries as to 
those of England. 

The Jurassic formations stretch across England in a vaiying band from the mouth of 
the Tees to the coast of Dorsetshire. They consist of san«l.s, sandstones, and limestones 
interstratified with softer clays and shales. Hence they give rise to a eluiracteiistic typo 
of scenery, — the more durable and more porous beds standing out as long ridges, some- 
times even ^vith low clitfs, while the clays underlie the level spaces between. AiTanged 
in descending order, the following subdivisions of the English Jurassic system are 
generally recognised ; — 


Formations Gi'Oups or 

or Series. 

Stages. 

^ o i 

Purbcckian . -! 


1 

Portland iau . 


Kimeridgian 

® a» 

Corallian 

t-H 5 ^ 


o o 

Oxfordian 


. r 


Bathonian 

S 

(Great or Bath -I 


Oolite group. ) 

o 

Fullouiau 


f 

5 

Bajocian j 


(Inferior Oolite) | 

M 

flipper Lias 

. 3 , 

Middle Lias 


[ Lower Lias 


aub-yroups or Sub-Htiij;«s. 

r Upper fresh- water beds 
- Middle marine beds 


Mnxiinum 

thicknesses 

Feet. 

. 360 


Kiiueridge Clay 
Coral Eog, Coralline Oolite, and Calcareous Grit 

0.xford Clay and Kellaways Eock . 

Oornbrash. This fonns a persistent band at 
the top of the lower or variable (marine and 
estuarine) group 


Fuller’s Earth 

Chelteuhaiu beds (thick estuarine series of York- 
.shire, representing the whole succession up to 
the ba-Ni* of ilic Cornbrash) . . . . 


Midfonl l?auds (passage beds) 


70 

160 

600 

250 

600 


25 

160 

130 

160 


270 

40 


70 to 200 
60 to 345 
485 to 960 


^ Of British Jurtissic rocks the student will tind the fullest account in the Geological 
Survey Monograph on these rocks in England in five volumes, viz., C. Fox-Straugways, 
‘Yorkshire,’ 1892, 2 vols. H. B. Woodward; ‘England and Wales, Yorkshire excepted,’ 
3 vols. 1893-96. Eefereuce should also be ina<le to previous <lescriptious, especially to 
Phillips’ ‘C4eology of O.xford and the Thames Valley’; Tate and Blake’s ‘ Yorkshire Lias’ 
(1876); Hiidleatou’s “Yorkshire Oolites,” in Oeol. Maff. 1880-84, and Proc. Ofcf, Assoc. 
vols. iii. to v. ; R. Etheridge, Presidential Address, Q. J. (r. K 1882 ; Woodward’s ‘ Geology 
of Englaitl and Wales’; S. S. Buckmaii, Q. /. O. S. xlv. (1889) ; xlvi. (1890) ; xlix. (1893) ; 
li. (1895) ; liii, (1897) ; Ivii. (1901), and to numerous Memoirs of the Geological 

Survey relating to the districts of the country whore the Jurassic rocks are exposed ; 
such as “ The Geology of Cheltejiham ” by E. Hull, and “ The Geology of Rutland ” by 
J. W. Judd. The fossils of the different formations have been copiously discussed, in the 
Memoirs of the Palieontograpliical Society, as in Morris and Lycett’s ‘MoHusoa from 
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Although these names appear in tabular order, as expressive of what is tlie predomi- 
nant or normal succession of strata, considerable differences occur when the rocks are 
traced across the comiti’y, especially in the Lower Oolites. Thus the Inferior Oolite 
consists of marine limestones and marls in Gloucestershire, but chiefly of massive estuar- 
ine sandstones and shales in Yorkshire. These differences help to bring before us some 
of the geographical features of the British area during the Jumssic period. 

I. The Lias,^ consists of three stages or groups, well marked by physical and palaeon- 
tological characters.® In the Lower member, numerous thin blue and brown limestones, 
with partings of dark shale, clay, or mail, are surmounted by other similar argillaceous strata 
with occasional nodular limestone bands. The Middle Lias consists of argillaceous and 
ferruginous limestones (Marlstone) with underlying micaceous sands and clays. In 
some of the midland counties, but more especially in Yorkshire, this subdivision is 
remarkable for containing a thick series of beds of earthy carbonate of iron (Ironstone 
series), which has been extensively worked in the Cleveland district. The Upper stage 
is composed of clays and shales with nodules of limestone, surmounted by sandy 
deposits which are perhai)s best classed with the Inferior Oolite. In Yorkshire it 
consists of about 240 feet of grey and black shale, in the upper part of which lies a 
dark band full of pyritous “ doggers ” (ironstone concretions) and blocks of jet, which 
are extracted for the manufacture of ornaments. This jet appears to have been 
originally water-logged fragments of coniferous wood.^ 

These three stages are subdivided into the following zones according to distinctive 
species of Ammonites (Figs. 441-443), though the zones are not so definite in nature 
as in palfeontological lists : — 


the Great Oolite * ; Davidson’s ‘ Oolitic and Liassic Bracliiopoda ’ ; Wright’s ‘ Oolitic 
Echinodermata ’ and ‘ Lias Ammonites * ; Owen’s ‘ IMesozoic Reptiles ’ ; ‘ Mesozoic Mammals,’ 
* Wealden and Purbeck Reptiles ’ ; Hudlestoii’s * British Jurassic Gasteropoda ’ ; Bucknian’s 
‘ Inferior Oolite Ammonites. ’ Much inforniatiou will likewdse he obtained from the catalogues 
published by the Trustees of the Museum, such as the ‘ Catalogue of the Fos.sil Reptilia and 
Amphibia * by R. Lydekker, that of the Fossil Fishes, by A. Smith Woodward, that of the 
Fossil Cephalopoda by A. H.'Foord and G. C. Crick; ‘The Jurassic Bryozoa,* by J. W. 
Gregory; “The Mesozoic Plants — The Jurassic Flora,” by A. C. Seward. For the 
palaeontological zones reference shouhl be made to the original memoirs by Oppel (‘Die 
Jurafonnation Euglands, Frankreichs und Deutschlands,’ 1856-58) and Quenstedt (‘Der Jura,’ 
1858). 

^ Tliis word, now so familial' in geological literature, was adopted by William Smith 
who found it given by the Somerset qimrrymeii to the “layers” of argillaceous limestone 
forming a part of the series of rocks to which the term is now a])plied. 

® The Lias of Yorkshire is fully described by Mr. C. Fox-Straugways in the first 
volume of the iiionograiili above cited: and that of the rest ol‘ England and Wales by Mr, 
H. B. Woodward in the third volume. 

■’ C. Fo.\'-Strang\vay.s, J/m. frcol. tSiircei/t “ Scarhorongli and Whitby” (1882), p. 21. 

Wright on Liassic Ammonites, PiUtrnntngrajih, Soc. and <2. .7. G. K xvi. 374 ; C. H. 
Day, op. cit. xix. p. 278 ; Etheridge, op. clt. xxxviii. (Address). As the zones arc not 
generally defined by lithological features they cannot be satisfactorily mapped. On the 
maps of the Geological Survey the base of the Middle Lias is perhaps not drawn nnifonnly 
at one paljBontologioal horizon ; but it generally corre.spondH with the base of the Margaritatus 
zone (See Judd, ‘Geology of Rutland,’ pp. 45, 89). Considerable diflerencos opinion 
have arisen as to the application of the modern generic names of the huge family of 
Ammonites. The terms assigned in this and the succeeding Paris of Book VI. are given on 
the authority of Mr. H. Woods, Woodwardian Museum, Cambridge, who has been good 
enough to revise the lists. 
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17. Zone of Lytoceras jiireiise. 

16. ,, Dactyliocera.s commune. 

15. Hari>oceva'< falciferuni, H. serpentiuus ami 

Ilildoceras bifrons. 

14. Daetylioeeras aniiulatunj. 


a J 
3 


13. 

12 . 


Paltopleuroceras spinatiini. 
Ainaltlieus margaritatus. 


1-5 


i 


I 


11. 

lu. 

9. 

8. 

7 . 

6: 

5 . 


1 *. 

resting 


„ Liparoceras Henleyi, ^Egoceras caiiricoriiii, 
Deroceras Davcni, and Lytoceras tinibriatuni. 

„ Pliylloeeras ibex. 

,, iEgoceras Jumesoiii. 

Deroceras armatuni. 

„ Caloceras rarico.statuin. 

Oxyiioticeras oxynotuiu. 

Arietites obtusus, Arietites (Asterocenis) stel- 
laris, and jEgoeeras })lanicostatuni. 

Arietites Turneri ami Arnioceras Heniicostatuni. 

„ ,, Bucklaiidi. 

„ 3elilotbeiiuia angulata. 

„ Psiloceras plauorbe. 

conformably on tlio White Lias and Arict/la cou ( or tahada (p. 1094). 


The organic remains of the 1 British Lias now include about 350 genei-a and more than 
six times that number of species. The plants eompiiso leaves and otlier remains of 
cycads {Cycculites, Ptilozamitett, Olommites\ conifers {Jh'LXchyiihyllmn, 

Pagiophylhm), ferns {Claihroyteriti, Lonwtopt&ris, Macrofainiopteris^ and mares* tails 
(Eau iseti^ ) . These fossils serve to indicate the general character of the flora, wliich 
'sfe^'enisTuI^o have been mainly cycadaceous and coniferous, and to have presented a 
great contrast to the lyeopodiaoeous vegetation of Pahuozoic times. The occurrence of 
land-plants dispersedly throughout the English Lias shows also that the strata, though 
chiefly marine, were deposited witliin sucli short distance from shore, as to receive 
from time to time loaves, seeds, fruits, twigs, and stems from the land. Further 
evidence in the same direction is supplied by the numerous insect remains, whicli have* 
been obtained principally from the Am, Pi((fwrhis-zouo of the Lower Lias. These were, 
no doubt, blown off the land and fell into shallow water, where they were preserved in 
the silt on the bottom. The Neiu’optera are numerous, and include eight or more* 
species of Orthoplihhm. The coleopterous forms comprise a number of herbivorous 
and lignivorous beetles {Elatcr, BuprestUes, &c.). There were Ukewiso representatives 
of the uGuropterous {Libclhila, Hctiyi'opMchut)^ dipterous (Aniliut) and ortliopterous 
(IfesoblcUtim, Blaitina) ordera. These relics of insect life are so abundant in some of 
the calcareous hands that tlie latter are known as insect- beds. ^ With them are 
associated remains of terrestrial plants, eyprids, and rnolliisks, sometimes rnanne, 
sometimes apparently brackisli-wator. 

The max'ine life of the period has boon abundantly preserved, so far at least as 
regards the comparatively shallow and juxta- littoral waters in wliicli the Liassie strata 
were accumulated.^ Foraminifox’a abounded on some of the sea-bottoms, the genera 
Cristellaria, MavgiwLilvtm^ ErmdimUtrki,, Nodosetria^ iJmUcdimt, Polymoiphinaf and 
Vaginiili'im being the more important. JpQrals, though on the wliolo soarae, abound 
on some horizons, Aatvoc^nm^ lletcrastrnyy Moixilixaltia^ Stylmtrm,, and 

Tfiemmilia being the genera that present tlie'lavgcst number of species. The criiioids 
were represented by thick growths of htwrimtis Xkiid Pe^t^^rinm, There wote“ brittle- 
stars, stfifr-flshes, and sea-urchins {OpJmmt, Plummter^ lAiidia^ Eemipexima^ CidariB, 


1 Brodie, Proc. OeuL Son, 184b, p. 14 ; J, iL S, v. 31 ; ‘History of Fossil Insects,’ 
1846. See Scudder, B, C,S, (J, S, No. 71 (1891), pp. 98-236, for a list of all known 
Mesozoic insects, and references to the authoritioH for the description of each species. 

3 See R. Tate, “Census of Lias Marine Invertebrata,” (.iml. May, viii. p, 4. 
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AcrosaUnia) — all generically distinct from tliose of the Paheozoic perioclK. The 



Fiif. 441.— Lower Lias AniiiiouiteH. 

II, Otiloceras mrlcostatum, Xeit. (3) ; 1), AvietiteH obtusus, Sby. (i) ; <•, Arietites Buckluiuli, Hl)y. 
(t); d, OxynotIconiH oxyiiotum, Quenst. (3); <*, PHiloceras planorbo, Shy.; /, Hclilothuiinia 
angulata, Schloth. (^). 

annelids were represented by Stuyula (about a dozen species) and Litrwpa, Among 
the macrouroiis Crustacea, the more frequent geuei’a are Eryon, Qlyphm, and Enjm% 
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the ostracods being represeiitcLl more particularly by species of Bainlia, Qythcrc^ and 
Oytherclla. 



Fly. 442.— Middle and Lower Liiw AiniuonIteM. 

Amaltiieus inargaritatuH, Mont. (|); 7^ Paltoplenroucu'^M Kpinaiuin, Eruy. <^); e, Lttroucros 
Eavcel, Sby. (i); d, -EyononiH ciipricornu, Sclilotlu (i); e, Ail. damesoni, Sby. (i);/, Fluty- 
pleurocoiaa brevispluum, Sby. (0- 

The bracliiopods appear chiefly in the genera lOiynchoncllai^ Waldheimia, Hpiri/erintr, 
Theddium, and Terehmtula, SpiHferlnat the last of the Spirifers, is represented by 11 
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species, one or two of wliich ascend to the top of the Uplier Lias. With it are 
associated the last fonus of the Strophomenidse, of wdiich Liassic species from English 
localities (Fig. 424) have been referred to the genus Qadwnella (allied to Leptsena). Other 
genei’a are Crania, Lischia, Lingula, KonhuJcella, Suessia, and Zellania. Of the lamel- 
libranchs a few of tlie most characteristic genera are Peetm, Lima, Avicida, fh'yphsaa, 
Gervillm, Ostrea, PUeatula, Modiola, Cardinia, Nucula^na {Leda), Trapezium {Ciipri- 
cardia), Astarte, Pleiiroinya, ffippopodium, and Pkoladomya. Gasteropods, though 
usually i*are in such muddy strata as the greater part of the Lias, occur abundantly in 
some of the calcareous zones. The chief genera are Actseonina, Amherleya, Boiirguetia, 
Ce^'ithium, C^-yptmiia, Liscohclix, Plmrotoffmria (upwards of 30 species), TrocMis (40 
or more species';, Tnrho (upwards of 30 species), Turritclla, and Dentalimn, 



Pig. 443. — Upper IjIOH Aininoiiltps. 

u, Dactylioceiaa commune, Sby, 0); h, Lytoceras jupeuse, Zivttm (,‘ 3 ) ; c, HaniocuniH 
Horpeiitimim, Ueiuecke (\) ; U, Pliyllocems lietorophyllum, Bby. (J). 

The oephalopods, however, are the most abundant and characteristic shells of the 
Lias; the families of Aminonitos being particularly conspicuous. Many of the 
English species are the same as those that have been found in the Jurassic scries of 
Geimany, and they occupy on the whole the same relative horizons, so that over 
central and western Europe it has been ]jossible to gi'oup the Lins into various 
zones given in the foregoing table. The genera ASgoceraa, Arietifes, and SciilotTi-cimia 
are specially prominent in the Lower Lias. The Middle division is more particularly 
ohai-aoterised by species of Avialthcus, though Haipocerm, LytuccraN, and other genera 
also occur. The Upper Lias is marked by the promineneo of Earpoccras, EUdoccras, 
Lytoceras, Eaugia, Gramuweeras, Ihmorti^x, &c. Of the genus EuutUun about ten 
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species have been found. The dibranchiate cephalopods are represented by at least 60 
species of the genus BeUmnites, and -by Xiphoteuthis and QeoteiUhis, 

From the English Lias numerous species of fishes have been obtained. Some of 
these are known only by their teeth, others by both teeth and spines, while the 
ganoids frequently have the whole exoskeleton preserved. The selachian genera most 
commonly met with are AcroduB and Hyhochis, The most frequent ganoids are 
Dajpedim^ PhoHdoplionis, EngnaJLlms^ and Ptycholej^is, The teleosteans 

are represented by LeptoUpis. But undoubtedly the most remarkable palaeontological 
feature in this group of strata is the number and variety of its reptilian remains. 
The pterosaurs are represented by DmiorpJiodm and ScapTiognatMis, and the deinosaurs 
by Scelidosaunis. Of the ichthyosaurs the Lower Lias, especially in Dorset, has 
furnished about ten distinct species, and of the plesiosaurs at least a dozen species, 
besides species of £h'etmo8au7'us and Thmi/truxtosawnis. In some cases entire skeletons 
of these creatures have been found with almost every bone in place, and more or less 
complete specimens of them are to be seen in many public museums. Tnie crocodiles 
have been met with in the Upper Lias {Pelagosaurus, SU^ieosawrm), 

The Lias extends continuously across England from the mouth of the Tees to the 
coast of Dorsetshire. It likewise crosses into South Wales. Interesting patches 
occur in Shropshhe and at Carlisle, fai* removed from the main mass of the formation. 
A considerable development of the Lias stretches across the island of Skye, and skirts 
adjoining tracts of the west of Scotland, where the shore-line of the period is partly 
traceable; while small poi*tions of the lower division of the formation are exposed 
on the foreshore of the east of Sutherland, near Dunrobin. In the north of Ireland, 
also, the characteristic shales appear in several places from under the Chalk escarpment. 
That these portions of the Jurassic series, together with the AvicfiUa coTUcrta-zonA below 
anj , some of the Chalk above, once extended north-eastwai’ds into the basin of the 
Clyde is proved by the discovery, made by the Geological Survey, of large masses of 
fossiliferous strata which have fallen into an extensive volcanic vent of Tertiary age in 
the Isle of Arran. ^ 

II. The Lower OoLrrES ^ lie conformably upon the top of the Lias, with which they 
are connected by a general similanty of organic remains, and by about 46 species which 
pass up into them from the Lias. In the south-west and centre of England they chiefly 
consist of shelly marine limestones, with clays and sandstones ; but, traced northwards 
into Northampton, Rutland, and Lincolnshii’e, they contain not only marine limestones, 
but a series of strata indicative of deposit in the estuary of some river descending from 
the north, for, instead of the abundant cephalopods of the truly marine and typical 
series, we meet with fresh -water genera such as Cyre/tia and Unio, estuarine or marine 
forms such as Ostrea and Modiola, thin seams of lignite, thick and valuable deposits of 
ironstone, and remains of terrestrial plants. These indications of the proximity of land 
become still more marked in Yorkshire, where the strata (800 feet thi<i) consist chiefly 
of sandstones, shales with seams of ironstone and coal, and occasional horizons containing 
marine shells. It is deserving of notice that the Cornbrash, at the top of the Lower 
Oolite in the typical Wiltshire district, though rai*ely 20 feet thick, runs across the 
country from Devonshire to Lin, ml n shi re-^nd Yorkshire. Thus a distinctly defined 
series of beds of an estuarine character is in the north homotaxially representative 
of the marine formations of the south-west. At the close of the Lower Oolitic period 
the estuary of the northern tract was submerged, and marine deposits were laid down 
across England. 

^ Summlbry cf Progrem qf UboL for 1900 ; B. N. Peach, W. Guim, and B. T. 
Newton, /. G. S, Ivii. (1901), p. 126. 

“ For an excellent account of these rooks in their typical development see vol. iv. of the 
Geol. Survey Monograph by Mr. H. B. Woodward, and for the Yorkshire district, vol. i. by 
Mr. C. Fox-Strangways. 

VOL II 2 F 
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This section of the Jurassic system is subdivided into the following groups of strata 
aud palfieontological zones in descending order (Fig. 444) ; — 


Combrash . 


Forest Marble aud 
Bradford clay 
Great Oolite aud 
Stonestleld Slate 
Fuller’s Earth 


Inferior Oolite 


Midford Sauds 
(passage - beds 
iuto the lias 
below) 


Zone of Macrocephalites macrocephalus, with Ostrea 
Jidbelloides, Terd>ratuLa intmnedui, WaMImmia 
olmaia^ W, lagerudis, 

a Oppelia? discus, with Ostrea SmoerhyL 

,, Perisphinctes arbustigerus, with Belesimites 
hesainua and T&retn'atula mx^sMaUu 

,, Macrocephalites subcontractus, with Beleirrm, 
^aralldita, Ostrea (UMmmata^ and Waldhemia 
carinaia, 

„ Parkinsonia Parkinsoni, Stepheoceras hum- 
phriesianum, Ludwigia Murchisonse, with 
Bdemn, acdenais^ Ohryplitea mhldbata^ Te/rdbvatula 
glohata, T, JimbrioL, and Waldheitnia carinuda, 

„ Lioceras opalinuni, Lytocema j%(/renae, with Rh^n- 
cimiella cynoc^hala, and Terebratiila infra- 
ooUtica, 





Fig, 444.— Lower Oolite Ammonites. 



u, Macrocepluilites macrocephalus, Schloth. (0 ; h, Parkinsonia Parkinsoni, Shy. (J) ; c, Steplieoeeras 
hiimphriesianum, Sby. (i-) ; d, Ludwigia Murchisome, Sby. Q ) ; r, Ijioceras opalinum, Rein (I) ; 
/, Lytoceras tornlosum, ZIet. (i). ' 


The English Lower Oolites show considerable local variation in their subdivisons. 
They are typically developed in the south-western counties, but the limestones and 
clays pass laterally into sands. The lowest group, that of the Mid ford Sands, 
sometimes placed with the Lias, consists of yellow micaceous sands, with some 
concretionary sandstone and sandy limestone, and ranges from 26 to 200 feet in 
thickness. A ferruginous limestone at its top in Gloucestershire contains so many 
Ammonites, Belemnites, and Nautili, that it has been called the “Cephalopoda, bed.” 
Two Ammonite zones may be recognised in this group, viz. - 
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Zone ofLioeeras opalinuni. 

„ Lytoceras jiirense. 

Among the other characteristic fossils are QramvuUocei'as acdeiise^ Plemolytoccras 
hirdnum, BiwiortUria radiam^ Haiigia va^'iahilis, Beleinnites coinp'esaiLs, B, irregulai'is, 
Grmlya dbdueta, Trigonia Bamsayi, Om'mlUa Hartniatini, Ithynchmidla cyiiocephala. 

The Inferior Oolite (Bajocian)^ attains its maximum development in the 
neighbourhood of Cheltenham, where it has a thickness of 264 feet, and consists 
of calcareous freestone and ragstone or grit.^ It presents a tolerably copious 
suite of invertebrate remains, which resemble generically those of the Lias. The 
corals include species of Isastrs&a, MoTUlivaUicUy and other genera. The crinoids are 
represented by Bewtacrimi^i Apioariwiia, &o. ; the star-fishes by species of Astropecten, 
Solaster t ^ndi Stellaster? ; the sea-urchins by species of AcrosaUnia^j Cidm'is^ Olypeit^, 
Nv/deoliUs {EehimlrissiLs^ Semicidaria^ Hemipedim^ Fseiidodictdema^ PygcLster^ Stoni- 
cchintts, &c. The predominance of BiiymtwMlla^ WaWmmw^ and Terebratula over 
the rest of the bi-achiopods becomes still more marked. Arca^ Astarte^ Avicula^ 
GervilliOf Grypilhs&a, Lima (upwards of 40 species), Modiola, Plmrmnya, Ostrea, Pedcn 
(upwards of 40 species), Pholadomya, Tcmiredia^ and Trigonia (60 species) are tlie 
most common genera of lamellibranchs. The gasteropoda are abundant, especially in 
the genera Admnvm^ Alarm (more than 30 species), Boxirguetia^ Cerithium (upwards 
of 40 species), Natka, N&rim^ (more than 40 species), PlmTotormria (between 30 and 
40 species), Pmidonidania^ TrochuSt Twrbo, The cephalopoda, as in the Lias, continue 
to be abundant and to furnish a valuable basis for the stratigraphical subdivision of the 
strata. Nearly 200 species of Ammonites have been obtained from this formation, and 
from these it has been subdivided into the following paleontological zones in descending 
'tJuIef*: ® — 

Zone of Parkinsonia Parkinsoni, with Oppdia anhradiata, T&rdbmMa 
gUhaia, lUiyTichondla subtetmhedra, &c. 

Zone of Stepheoceras huniphriesianum, Cadoceraa Blagdeni, Perisphinctes 
Mariinsiif Wcddhdmia carinatoL, &c. 

Zone of Ludwigia Miirchisone, with sub-zone of Sonninm Soioerfjyi in upper 
part, Lioceras cancavitm, Terehratxda Jiml)ria, T. simple^c, T. plimta^ &c. 

The component steata of the group are subject to great variations in thickness and 
lithological character. The thick marine series of Cheltenham is reduced, in a distance 
of 80 or 40 miles, to a thickness of a few feet. The limestones i^ssa into sandy strata, 
so that in parts of Northamptonshire the whole of the formations between the Upper 
Lias Olay and the Great Oolite consist of sands witli beds of ironstone, known os the 
Northampton Sand. The higher portions 'of the sandy series contain estuarine shells 
^Oyrena) and remains of terrestrial plants. In Yorkshire the Great Oolite series 
disappears (unless its upper part is represented there by the “ Upper Estuarine series ”), 
while the Inferior Oolites swell out into a great thickness and are composed of the 
following subdivisions in descending order : * — 


1 So named by D*Orbigny in 1849 from Bayeux in Calvados, where the formation is well 
developed. 

2 This subdivision of the system has recently been treated in great detail by Mr. Buokman 
in the series of j^apers in the Q, J. S. 0, cited on p. 1181. 

® On the Ammonites of these' zones, see S. S. Buckmau, Q, L <?. *S'.’(1881), p. 688. 

* Phillips* ‘Geology of Yorkshire.* Hudlestou, Oeol. Mag. (1880), p. 246, (1882), 
p. 146 ; Proe. Oeol, Assoc, iii. iv. v. 0. Fox-Strangways, “Geology of Scarborough and 
Whitby,*’ Mem. Oeol JSurv. (1882), and vole. i. and ii. of the ‘The Jurassic Bocks of 
Britain.* 
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( Upper Estuarine series, shales and sandstones resting on a thick sand- 
stone (Moor Grit) ....... more than 200 

Scarborough or Grey Limestone series, consisting of grey calcareous and 
siliceous hands with ahaly partings [BdeaTun, gigant&iis, CodoceroLs 
svbcimnaitum, U. Blagdeni, &c.) . . ; . . . . 3-100 

Middle Estuarine series, chiefly shales, with three or four beds of sand- 
stone full of plant-remains. Thm is the chief coal-bearing zone of 
the Lower Oolites. A few thin coal-seams occur, only two of which 
have been found worth working; none of them exceed 18 inches 

> -j or 2 feet in thickness . 50-100 

MiiUepore bed, a ferruginous or caleai-eous grit passing into a sandy 

limestone {Bonninia Sow&rhyi) 10-40 

Lower Estuarine series, consisting of an upper group of false-bedded 
ferrc^nous sandstones with carbonaceous matter, separated by some 
ironstone bands from a lower group of caihonaceous shales and sand- 
stones with thin coal-seams 300 

Dogger — ^ferruginous sandstone and sandy ironstone passing down into 
the “ Jurensis-beds *’ (Midford Sands with I/ytocera£jva'e! 7 is 6 \ Ceromya 
L hajociancL, L'tidioigUi Miwchuonm^ OTammocercLs aaZmsA, &c. 


A tolerably abundant fossil flora has been obtained from these Yorkshire beds.^ 
"With the exception of a few littoral fucoids, all the plants are of terrestrial forms. 
Among them are more than 50 species of ferns {Oladophlehis, Goniio'pteTWi S^hefrutpUriSy 
DictyophylluTni, and Ta&niopteris being oharocteristic). Next in abundance come the 
oycads, of which above 20 species are known Williamswiia, iVifesonwt). 

The ginkgos are represented by several species of Ginkgo, Baiem, and Beania. Coni- 
ferous remains are not infrequent in the form of stems or fragments of wood, as well as 
in occasional twigs with attached leaves {Araucdritea, BToeh/ypliyllum, CMrpl^is, 
Pagiophyllum, Oiyptomerites, Taxites), ' 

The Euller’s Earth or Eullonian group is an argillaceous deposit which was dis- 
tinguished under this name by William Smith, 1799. It extends fi*om Dorsetshire to 
the neighbourhood of Bath and Cheltenham, and attains a maximum depth of nearly 
160 feet, but dies out in Oxfordshire, and is absent in the eastern and north-eastern 
counties. Among its more abundant fossils are BerispJUnctea arlustigerus, Ma&i^oceplialites 
sulccmtraxtns, Gamomya Uteraia, Ostrea acimincUa, BJiynchcmeUa mriam, and Wald- 
heiniia (nmithoc^Iuila ; but most of its fossils occur also in the Groat and Inferior 
Oolite.^ The conditions for marine life over the muddy bottom on which this deposit 
was laid down would appear to have been unfavourable. Thus few gasteropods are 
known fi'om the Fuller’s Eax*th, and most of the organic remains occur in the harder, 
more caloaroous bands of “stone ” or “rock.” The palieontological characters of this 
group are intermediate between those of the Bajocian and Bathonian groups. The 
strata are comprised in the zones of Peiisph, arbu8Hgcrv>8 and Mact'oeeph. 

Beds of economic fuller’s earth are worked at Midfoi-d aud Wellow near Bath; their 
detergent properties are due to physical characters rather than chemical composition. 

The Great Oolite (Batlioniaii 2), between Dorset and Somerset on the west and 
0.xfordshii'e on the east, consists of five sub-groups of strata : («) at the base, thin-bedded 
limestones with sanefe, known as the Stonesfield Slate ; (l>) shelly and yellow or cream- 
coloured, often^ oolitic limestones, with partings of marl or clay — the Great Oolite 
proper, comprising the famous freestone of Bath ; (c) pale earthy white limestones and 
false-bedded oolites foiming the upper “Ragstones” of Bath; (d) an exceedingly 
variable series of shelly oolitic and flaggy limestones, with clays and shales below and 
above. The underlying clays form the » Bradford Olay ” ; the central cfil oareous zone is 

^ The best account of these plants will be found in Mr. Seward’s essay on the Jurassic 
flora of the Yorkshire coast, published iu the Oatalogue of Mesozoic Plants in the British 
Museum, 1900. 

a Prom Bath, the typical district for the formation. 
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the so-called “Forest Marble ; (e) an uppermost persistent band of tough irregular layers 
of earthy shelly limestone known as “ Cornbrash.” These subdivisions, except the last- 
named, cease to be satisfactorily recognisable as they are followed towards the east 
and north-east. The Forest Marble dwindles away in a north-easterly direction, and has 
not been recognised in the east of Oxfordshire. It appears to be represented in Bedford- 
shire, Northamptonshire, and Lincolnshire, by the “Great Oolite Clays” of that 
district. The Combrash, however, is remarkably persistent, retaining on the whole its 
lithological and paltsontological characters from tlie south-west of England to the 
district of the Humber. The limestones of the middle sub-group can be traced from 
Bradford-on- Avon to Lincolnshire. The lower sub-group, including the Stonesfield 
Slate, is locally developed in parts of Gloucestershire and Oxfordshire, and passes into 
the “ Upper Estuarine series” of the Midland counties.^ 

The fossils of the Bathonian group, as developed in England, show the wide range 
which might be expected from the variety of geographical conditions under which the 
strata were deposited. Those of the Stonesfield Slate possess a high geological interest. 
Among them are about a dozen species of ferns, the genera Glctdophlebis, Sphenopte^'is, 
and Tmiioptei'is being still the pi*evalent forms. The cycads are chiefly species of 
WUliaiftisonia and the conifers of BracfiyphyUum, With these drifted fi*agments of a 
terrestrial vegetation there occur remains of beetles {Blapsidium^ BuprestiSt Oiirculionites)^ 
dragon-flies, and other insects which had been blown or washed off the land. The 
waters were tenanted by a few braehioiwds {Bh^jpfichonella (MTUsiwm and Terehratula)^ by 
lamellibranohs {Germllia aciUa^ Lima (four species), Modiola imhriecUaf Peeten minulatiis, 
P. lens, P. vagarn, Trigovda imp^'essa), by gasteropods {Natica, Nerita, Patella, Trochus, 
&c.), by a few ammonites {Oppelia discus, Peri^kinctes gracilis) and belemnites (P. 

B, hessiovus), and by olasmobranch and ganoid fishes, of which more than 
40 species are known (Qcratodvs, Qanodus, Hybodm, Lepidotus, Mesod&n, StropTiodua, 
&c.). The reptiles comprise representatives of turtles, also species of Oimoliosaun(>s, 
Stei!ieosaim(>8, Teleosaurm, Megalosaurus, and Wutmplhoecplialvs. But tlie most im- 
portant organic relics from this geological hoiizon are the mai'supial-like mammalia 
already referred to — AmpMUstcs, Amphitlbcrium, Amphitylm, Phascolothcrium, and the 
more doubtful Stcreogm.thus, 

The fauna of the Great Oolite proper is distinguished, among other character- 
istics, by the number and variety of its corals (including the genera Jsastrssa, TJiam- 
nastTssa, Phyllocoenia [Addadtrse-a), CJioriscsstrsia, Oryptocosnia, CyathopJiora, Montlwaltia, 
&c.). The eohinoderms, which rank next to the ammonites in stratigraphical value, 
are well ^presented. Among the regular echinoids the most frequent foims are 
Hernicidaris, Acj'osalenia, Ps&iidodiadema, and (Maris. The in‘egular ecliinoids are 
represented by species of NucleolUes, Olypeus, Pygurus, &c. ; the asteroids by Astro- 
peeten and Sol aster ; the crinoids by Pevdacrinus, Apiocrmiis (specially characteristic of 
the Bradford Olay), and MiU&tncrin%(>s. Macrourous cimstacea {^tjma, Bryon, GByphma) 
are met with, and likewise brachyourous forms {Palseirnaehus, Prosopfyn). Ostraeods 
abound in the Fuller’s Earth, the genera OytJme and Gythmdea (upwards of 40 species) 
being specially prominent. Polyzoa ai*e abundant {Diastopora, Bhvtalophora, Idmmea, 
Stoniatopora, Ecteropora), The brachiopods are repesented by species of Terelyrcdula, 
Bhyndumdla, IVaWh&imia, Terehratella, Crania, &c. Of the whole British Jurassic 
lamellibranohs, more tlian half the genera, and about one-fifth of the species, are found 
in the Great Oolite. Specially conspicuous are the genera Peeten, Lima, Osirea, AvmUa, 
Astarte, Modiolfs, Pholodomya, Trigonia, Cardvwm, Area, Tanat^edia, The ohai*acteristio 
gasteropods of the Great Oolite include Bfaiica, JYerinm, Neriia, Piiffpivroidea, Patella. 
Species of ammonite characteiistio of the Great Oolite are Perisphinctes arhistigertis, 
Oppelia discus (passes to Combrash), PerispJmvctes grojdlis, MoscroeepTialites suibemUractus, 
and Oppelia TTaterhousei. Characteristic likewise are Nautilus Babcri, N, dispeunsus, 


^ Judd, ‘Geology of Rutland.” Mm. Oeol. Sterv. 
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Bclemnites and JB, bcssimbs. Of the hshes, the genera most abundant in 

species are Mesodon, AstercLcwiithus, Eyhodus, Strqphod^is^ Gmodm, lschyod%is, &c. The 
reptilian remains include the crocodilians Teleosaurus and SteneosauruSf the i)terosaur 
RIiamjphocephalTis^ and the deinosaurs Megcdosaurus, Oetiosaw'iiSf and Cardiodm. 

The Forest Marble varies greatly in thickness and lithological character. Near 
Sherborne in Dorsetshire it is 130 feet thick, but it rapidly diminishes northwards, and 
in Oxfordshire is sometimes only 12 or 15 feet thick. It lies sometimes on the Great 
Oolite, sometimes on the Fuller’s Earth. Its lower portion near Brad ford-on- A von is a 
grey marly clay with thin layers of tough limestone and calcareous sandstone about 10 
feet thick, and this argillaceous band has been separately designated the Bradford Clay. 
The Forest Marble contains a much diminished fauna. Among the forms characteristic 
of it are Apiocrimis Parkhisoni, TYaldhdmia digona, Tcrebratula maxillata, Rhyn- 
dhonella concinTMt Pecten annulatuSf Ostrea Soioerbyi, Lima cardiiformi^. The Bradford 
Clay of Wiltshire has long been well known for its pear-encrinites {Apiocrimis 
Parhinsoni), which are found at the bottom of the clay with their base attached to the 
top of the Great Oolite limestone. 

The Combrash (an old agricultural term adopted by W. Smith) consists of earthy 
limestones, which when freshly broken are blue and compact, but which under the 
influence of the weather break up into rubbly material and make good corn-land. It 
varies from 10 to 25 feet in thickness, yet in spite of this insignificant development it 
is one of the most persistent bands in the English Jurassic system. It is rich in 
echinoderms, lamellibranchs, and gasteropods. Among its common and characteiistic 
species am Oppelia ? discus, Eacroccphal'Ucs macvoccphalits, which ranges up into the 
Kellaways Rock and Oxford Clay, Nuclcolitcs chinicfiilans, Holeetypis depressus, 
Acrosalmia hemiddaroides, Waldhcimia lagmialis, Ostrea flahcJloides, Peeteii 
Pleuromya semrifomiis, Lima dupUcata, Hoimmya gihhosa, Orcsslya peregrinu, Psm^ 
momtis eckhiata,^ 

The Gi*eat Oolite series in the north-east of Scotland consists mainly of sandstones 
and shales, with some coal-seams which were formerly worked at Brora in Sutherland. 
In Skye and Raasay the formation consists of a very thick estuarine series, with abundant 
oysters, Trigonias, Anomias, Oyrenas, Hydrobias, Cyprids, and remains of laud-plants. 

The Middle or Oxford Oolites are composed of two distinct groups ; (1) the 
Oxfordian, and (2) the Oorallian, each of which is further subdivided into groups of 
strata and paleontological zones as under (Fig. 446) : — 


I 

o 


r Upper -Calcareous Grit, Upper) 
Upper, -j Coral Rag and Ironstone . !■ 
( Coral Rag and Coralline Oolite . j 

Lower. 

j Lower Calcareous Grit , . | 

Clays with septaria and iron-"^ 


stone iiO(hile.s 


Clays with pyritous fossils - 
(sub-zone of Qiimstedfoceras 

'S 

o 

j Limhei'ti) , 

tS 

Shales with pyritous fossils | 

o 

' (sub-zono of Amvi. [CW?.o- V 
ccrus'jJcwm) . , .J 

Kellaways 
Rook, ' 

[ Alternations of clays and sands' 
with concretionary calcareous 

^ sandstone . 

Kellaways j 

'’Clay containing selenite and 

Clay. \ 

poor in fossils 


Zone of Perisphinctea plicatilis. 
„ Aspidoceras perarmatuin. 

„ Cardioceras cordatum. 

„ Cosmoceras ornatiini. 

„ Kepplerites^allovieiisis.' 


(1) Oxfordian, diyisible into two snb-gronps : (a) a lower division of caloareons 
abundantly fossiliferous sandstone ^vith some underlying cl ay, known, from a place in 

I Etheridge, (}. J. Q. S. (1882), Address, p. 202. 
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Wiltshire, as the Kellaways Beds, whence this subdivision and its equivalents abroad 
have been distinguished by the name of Oallovian. The Kellaways Olay is generally 
present, varying from 10 to 20 feet in thickness, and though not especially fossiliferous, 
yields specimens of Ostrca, WcUdheimia^ Rhynchcmella mrianSi and Sefrjmla tetTagonoH. 
The Kellaways Rock consists of hard, sandy, calcareous, highly fossiliferous material. 
The Oallovian sub-group forms really the basement of the Oxford Clay. Ranging from 
a few feet to more than 60 feet in thickness, it may be traced from Wiltshire through 
Bedfordshire to Lincolnshire, and it attains a considerable importance in Yorkshire. It 
contains about 200 species of fossils, of which one-third are found in lower parts of the 
Jurassic series, and nearly the same proportion passes upward into higher zones. 
Among its characteristic forms are Alaria trijida^ Aviculct ovalis, Cardium cofpiatiwi, 
Isocardia minima, PJioladomya acuticoatcb, Rhynchonella variam, Oryphsea "bilobata. 
l^he distinctive ammonite of this stage is KeppUritea calloviensis, which gives its 
name to a zone. Numerous other species of ammonites occur, including Cosmoceras 
modiolao'e, G, gowcrUinum, P&risphinctcs Bakeriiv, Oadoceras Koenigi, Macn'ocephaHites 
maGTOcephcdm, also Ancyloceras calloviense, NmUilm calloviensis, and Belomites 
Omni? 



Kijf. 445.— Middle Oolite Aimnouites. 

a, AHx>idocenis perannatuin, Sby. I ; h, Qaenstedtocoras Lainberti, Sby. ; c, CoHtnocei'aB Jason, 
Zelt. (^) ; (f, Keppleritcs calloviensis, Sby. (J). 


(6) The Oxford Clay — so called from the name of the county through which it passes 
in its course from the coast of Dorsetshire to that of Yorkshire — consists mainly of 
layers of stiff blue and brown clay, with bands of septaria and occasional layers of earthy 
limestone, attaining a thickness of from 300 to nearly 600 feet. From the nature of 
its material and the conditions in which it was deposited, this rock is deficient in 
some foims of life which were no doubt abundant in neighbouring areas of clearer 
water. Tlius there are no corals, hardly any species of echinoderms, no polyzoa, and 
less than a dozen species of brachiopods. Some lamellibranchs are abundant, par- 
ticularly Gryplima dilatata and Oatrea, (both forming sometimes wide oyster-beds). The 
lower half of the Olay, containing the zone of Oosmoccraa omaium, has yielded small 
forms of Gryplma dilatata^, together with QeritJmim muriccitmi, Avicula hissqwimlvis, 
Beil&m/fvUea Omni, and a number of Ammonites — BeinerJeia ofneepa, Peltoeeras athleta, 
(Bkotrmiaks (yrmaim, Cosmoc&t'as Dmicani, G. Blizahethm, G, Jaaon, Hccticoc&i'os heciH- 
cum, Gardwm'OA Lamb&rti, Qiitemtediocaraa Mmnw. The upper part of the deposit, 
including the zone of Gardioeeraa cordatim, contains large forms of Gryplhssa dilatata, 
with Thraijla deprma, S&pida vertebralia, Bdesnnitea liaatcUuB (which is found all the 
way from Dorset to Yorkshire), and various species of Ammonites, Qacnstcdtoceras 
Lamhertn, Aspidoceras perarmatam, Gardioeeraa vertehralc. The Oxfordian fishes 
include the ganoid genera Aapidorhynckua, Euryconmts, Hypaocm’mua, Lepidotua, the 

1 A list of the remarkable assemblage of ammonites in the Kellaways Rook of Yorkshire 
will be found in Mr. Fox Strangways* Memoir on the Jurassic rocks of that county, p. 277 
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selachian Asteraccmthm, Hyhodus, NotidanuSf the chimaeroid Brcukymylus, Jschyodus, 
and Pachymylus, and the teleostean Leptole^^ while the reptiles embrace species of 
the pterosaur PhamphoT%yniifm.is^ the deinosanrs Oamptosawrus^ Cctiosaurusy Gnjptod/rcuio^ 
MegaZosaurm, O^nosaums, OmithopaiSt and Sarcolestes, the crocodiles Dacosa/wrus and 
Suchodus, also a number of species of Ichthyosaurus^ and of the plesiosaurian genera 
OimoUosaurvs, Pclonemtes, and Pliosomrus, 

(2) Oorallian, traceable with local modifications from the coast of Dorset to York- 
shire. This group attains in Dorset a thickness of about 200 feet, but diminishes as it 
is followed into Oxfordshire. In Yorkshire it again swells out to a thickness of 330 feet. 
The name of the group is derived from the numerous corals which it contains. Accord- 
ing to the exhaustive researches of Messrs. Blake and Hudleston,^ this group when 
complete consists of the following subdivisions : — 


6. Supra-Corallian beds — clays and grits, including the^ 
tipper Calcareous Grit of Yorkshire, and the Sands- 
foot clays and grits of Weymouth. 

5. Coral Eag, a lubbly limestone composed mainly of 
masses of coral (sub-zone of (Mmis jUyri^mimcC), 

4. Coralline Oolite, a massive limestone in Yorkshire, I 
but dying out southwards and reappearing in the | 
form of marl and thin limestone. 

3. Middle Calcareous Grit, probably peculiar to Yorkshire. J 
2. Lower or Hambleton Oolite, not certainly recognised 1 
out of Yorkshire. V 

1. Lower Calcareous Grit. j 


Zone of Perisphinctes 
plicatilis. 


Zone of Aspidoceras 
perarmatum. 


The corals are found in their positions of growth, forming massive coral-banks in 
Yorkshire, Wiltshire, and other districts {Thafivnastrsca^ Isastrmti TheeosmiUf^ 
Ehdbdophylliaf MoivtUvaltia, &c.. Fig. 420). Numerous sea-urchins occur in many of 
the beds, particularly Oidaris Jiorigemvm (Fig. 422), also Pygurus^ Pygaster, Hemi- 
cfidaris, &c. Braehiopods are comparatively infrequent. The laniellibranchs are still 
largely represented by species of Avmdaf LiTiva, Ostrea, Pcctcn, and Grypham, {Ostrea 
gregaria being specially numerous). Nearly all the species of gasteropods ai-e peculiar 
to or characteristic of the Oorallian stage. The lower zone (that of Aspidoceras p&rar- 
matum) is characterised by the occurrence of Perisph/mctos convoUUx^, Oppelia ffmrid, 
Cardioceras Suthe/iZa/ndiaCj PerisphiTUstcsf mricostatus, Peltoceras Willimnsmi; the 
upper zone (that of Perisphinctes plicatilis) contains some of the same species, but also 
Perisphvactes f Berryeri^ P. cymodoce, EoplUes Calisto, Om'dioceras ca^oUmcnse, BemeMa 
dedpienSf B. onvtaMlis, IL pssudom'iUahilis, 

lY. The Upper or Portland Oolites bring before us the records of the closing 
epochs of the long Jurassic period in England. They are divisible into throe groups, 
with subordinate sections and palceontological zones, as shown in the following table : — 


I 


e 'c# (3 
Ah 1 1 

INI 


'' b Clays, shales, and underlying 
g limestone (Marble Bag) and 
p Olaio-bed. 

^ limestones, including “ Upper 
1^3 building -stones,” and tbe 
I S baud with mammalian 
^ remains. 

g Marls and limestones witli 
I insect-beds and the “Dirt- 

, bed ” of Portland. ^ 

Upper Freestones and Cherty Zone of Perisphinctes giganteus. 
•( beds. 

Lower sands and clays. „ Olcostephanus gigas. 


*On the Coralliau Bocks of England,” Q, J. G. 8 , xxxiii. p. 260. , 
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( Upper bituminous shales with Zone of Perisphinctes biplex, with Aspi- 
layers of cement -stone and doceras longispinum. 

septaria. 

Lower clays and dark shales and „ Cardioceras (i4wwK&oce7’flw) alter- 
oement-stones. n an s. 

(1) Kimeridgian, so named from the clay at the base of the Upper Oolites, 
well developed at Kimeridge, on the coast of Dorsetshire, whence it is traceable con- 
tinuously, save where covered by the Chalk, into Yorkshire. It consists of dark bluish- 
grey shie or clay, which in Dorsetshire is in part bituminous and oan be burnt. 
According to Mr. J. F. Blake it may be subdivided into two sub-groups ^ : — 

[a) Upper Kimeridgian, consisting of paper-shalas, bituminous shales, cement- 
stone, and clays, characterised by a comparative paucity of species of fossils 
but an infinity of individuals ; perhaps 650 feet thick in Dorsetshire, but 
thinning away or disappearing in the inland counties. This sub-stage, fairly 
comparable with the Virgulian *’ of foreign authors, contains the zone of 
Perisphiiictes hiple.Cf and is marked also by the prominence of Disdna 
latMma, which forms a sub-zone in the upper part, while the lower portion 
of the deposit contains abundant Exogym 'oinyula (Pig. 428). 

(6) Lower Kimeridgian. blue or sandy clay with calcareous “doggers,** represent- 
ing till* " V-rjiriian sub-stage ** of foreign geologists. This is the great re- 
pository of the fossils of this group. It has a maximum thickness of 400 
feet, and embraces the zone of OardioccToa altemuvus^ which in its upper 
part abounds in Exogyva rirgula^ while in its lower part Osirea ddtoidm is 
plentiful enough to form a sub-zone. 

Among the more common fossils of the Kimeridge Clay, besides those above named, 
iftre numerous foraniinifera (Pulvulim puldiella, Roluli/m Milnstcri), also Serpula, 
tetragoim, Exogyi'a nana, Astarte. suprctcoralUna, Tlircuda depn'cssa^ Protoca/rdia striaPula 
(Fig. 428). Upwards of 20 species of ammonite occur only in this stage ; among them 
are Cardioceras {Amtxiboccras) altemanSf 0, Kapffi, Olcostcphanus cumclus, Eeiiiechia 
evdoxus, P. plico^tuphalvs, Jt, Thtmnanni, Aspidoccras Iwujispinum, A. ortliocera, A. 
lalleriamm. Amoug the bolomnitos are JJ, ahlrematuSy P. BlainmlUiy B, cxccntrwaSy 
B, nitidus, Tlie Kimoridgo Clay derives its chief paleontological interest from the 
fact that it has supplied the largest number of the Mesozoic genera and species of reptiles 
yet found in Britain. The huge doinosaurs are well represented by Bothriospondylusy 
Oetiosauriuiy GigantosauruSy Campto8auru3y Mcgalosaurus, Oniosaw'us; the pterosaurs 
by Pterodactylus ; the plesiosaurs by Ohnoliosaimis (several si)ecios), Pvlmmistes, 
Thmmatosa'im^y and PUosaurus; the ichthyosaurs by IcJifhyosaurtuf (five or more 
species) and OphtMlmosaurm ; cheloniaus by Tkcdass&mjs and Pclohatochelys ; and 
crocodilians by Oeosauncs, ulfetnorhyndim, and Ste/ncosaurm. 

In the sea-cliffs of Speetoii, Yorkshme, a thick group of clays occurs, the lower pai*t 
of which contain.s Kimeridgian fossils, while the liiglier portions are unmistakably 
Cretaceous (p, 1183). Traces of a representative of the Kimeridge Clay, and possibly 
of the Portlandiau, above, aro found oven as far north as the east coast of Oromai'ty 
and Sutherland, at Bathie and Helmsdale. 

(2) Portlandian, so named from the Isle of Portland, whore it is typically 
developed. This gi*oup, resting directly on the Kimeridge Clay, consists of two 
divisions, the Portland Sand and Portland Stone, At Portland, according to Mr. 
J. F. Blake, it presents the following suocesslon of beds in descending order : — 

•Shell limestone (Booch), contaiuing casts of CerUhimn jpitrtlmidic’iim (very 
abundant), Isodonta (Sotoedjya) Bukei, E'atfm ehgans, and casts of Trigonia. 
Whit-bed” — Oolitic Freestone, the well-known Portland stone [PeTi 82 )hmctes 
gigantmis), 

“Curf,** another calcareous stone {Ostrea solitaHa)* 

^ J. F. Blake, “On the Kimeridge Clay of England,*’ Q, J, O. S. xxxi. 
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“Base-bed,’* a buildiug stone like tbe "Wliit-bed, but sometimes containing 
irregular bands of flint. 

Limestone, “ Trigonia bed ’* {Trigmiia gibbom, Fig. 428, Pmia mi/tiloidea). 

Bed (3 feet) consisting of solid flint in tbe upper and nibbly limestone in the 
lower flat 

Band (6 feet) containing numerous flints gordinlis^ Ostrea midti- 

foniiia). 

Thick series of layers of flints irregularly spaced {Pefi'isphinctes hononieima^ 
Trigonia gihbom^ T. incarra). 

Shell-bod abounding in small oysters and serpulaj {Pmaphinctcs tri^Ucatm, 
Phurofomaria. rugata^ P, Rozetif ProtocanUa disaimilis. Fig. 428, 
Trigo7iift gPibnan, T. incurca^ Plmromya tdlina). 

I'Stiff blue ''iurl witiioii: fossils (12 to 14 feet). 

Liver-coloured marl and sand with nodules and bands of cement stone — 26 feet 
{MytU'ifs autisaiodorenais, Pecten aoUdita, Ogprina m;plicataf Periaphinctea 
hiplex, &e.) 

Oyster-bed (7 feet) composed of Exogyra h'-unlnitamt. 

Yellow sandy beds — 10 feet {Qypvina implicata. Area). 

Sandy marl (at least 30 feet) passing down into Kimeridge Clay {P&riapMactcs 
biplex^ Lhna holoniensis^ Pecten Morini^ Avimla oetavia^ Trigonia incurva^ 
T. invrirata, T, Pellati^ Rhynchondla portlandka, Piadm h^mpJmeaiano.). 


Among Poi'tlandian fossils a species of coral {laaatma oblonga) occurs ; eobinodevms 
are scarce (Acroaalenia Xbnigi, &c.), there are also few bracliiopods. The most abundant 
fossils are lamellibranohs, the best represented genera being Trigonia {T. gibboaa, T. 
i^mervat T, Pdlati\ Pleuromya tellincty Pedten lmnelloaii8i Ostrea Gypi'ina 

rlongaia^ Luchia portlandica, Protoeardia dmimilia. The most frequent gasteropod 
is Oeritliimn portlandicfnm. The ammonites include some additional forms to those 
mentioned in the foregoing table. Fish are represented by Lepidotus, Eybodm^^ 
Ischyodits, and Pycnodus, and some of the older Juiassic reptilian genera {Ornitlwpm^ 
Go^viopholia, Teleosmmis, IcMhyoaaurus, Gimolioaaunis, Pliosaurva) still appear. 

(8) Purbeckiaii.^— This gi'oup, so named from the Isle of Purbcck, whore best 
developed, is usually connected with the foregoing formations, as the highest zone of tho 
Jniassic series of England. But it is certainly separated from the rest of that series by 
many peculiarities, which show that it was accumulated at a time when the physical 
geography and the animal and vegetable life of the region were undergoing a remarkable 
change. The Portland beds were upraised before the lowest Purbeckian strata were 
deposited. Hence, a considei'able stratigraphical and paleontological break is to be 
remarked at this lino. The sea-floor was converted partly into land, partly into shallow 
estuaries. The oharacteristio mariue fauna of the Jurassic seas nearly disappeared from 
the area. Fresh-water and bmekish-water. forms characterise the great series of strata 
which reaches up to the Neocoraian stage, and might be termed tho Purbeck-Wealden 
series. 

Some dififerenco of opinion has arisen as to whether tho group of Purbcck strata 
should be placed in the Jurassic or Cretaceous system. The lithological evidence would 
rather link them with the former, while the predominant fresh-water nature of their 
fossils would suggest a conneotion with the overlying fluviatile Wealden series. 
Though the invertebrate and vertebrate remains show relations to both systems, tbe 
balance of evidence appears to be in favour of Edward Forbes’s view that on the whole 
the Purbeck beds are more naturally grouped with the Jurassic than with the Orotacous 
formations. The Wealden scries itself is by many palceontologists claimed as properly 
belonging to the former rather than the latter system. This subject is further (Msoussed 
atp. 1184. 

^ See more particularly the following Memoirs of the Gooiogical Survey ; E. Forbes, 
“Tertiary Fluvio-marino Formation of the Isle of Wight” ; H. W. Bristow, “Tlie Isle of 
Wight,” new edition by C. Eeid and A. Strahan ; A. Strahan, “ The Geology of the Isle of 
Purbeck and Weymouth.” 
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The Pnrbeckian group has been divided into three sub-gi*oups. Of these, the lowest 
(96 to 160 feet) consists of fresh -water limestones and clays, with layers of ancient soil 
(“dirt beds”) containing stumps of the trees which grew in them ; the middle com- 
prises 60 to 160 feet of strata with some marine fossils, while the highest (50 to 60 feet) 
shows a return of fresh-water conditions. Among the indications of the presence of the 
sea is an oyster-bed {Ostrea clistmixC) 12 feet thick, with Pedeau Modiola^ Avicula^ 
Thi'cocia,, &c. The fresh-water bands contain still living genei’a of lacustrine and 
fluviatile shells {Vimparxis, Mcliinopm^ Planorhis^ Physa, Valvataf Unio, Oyreiui). 
Numerous fishes, chiefly ganoid, but with some selachian and teleostean forms, haunted 
these Pnrbeck waters {Gatufus^ HUtionotus, Lepidotmf Lepfolepis, Maci'oseinimf Mcsodon, 
Microdmif Pleuropholi% AstcramiUhuit, ffyhodm). Many insects, blown off from the 
adjacent land, sank and were entombed and preserved in the calcareous mud of the 
Lower and Middle sub-groups. Those include coleopterous (more than 30 genera), 
orthopterous, hemipterous, neuropterous, and dipterous forms (Pig. 431). Kemains of 
reptiles, including deinosaurs (EcMnodoriy Igwawdcni, N'lUketes), crocodiles {Ooniop'holis^ 
Nannomchm^ 0%cmia»nclvm, Pctromchvs, Thcriosuchns), plesiosaurs {CimoUosaurus), 
and numeroiLS chelonians (Chclonc, HyfmchalySi PUnrostemnmi Thalassemys, Treto- 
stmmm). The interesting dwarf crocodiles {Thet'iomchm) are computed to have been 
only 18 inches long. The most remarkable organisms of this gi‘oup of stmta, however, 
am the mammalian forms already noticed (p. 1127), which occur almost wholly as lower 
jaws, in a stiiituin about 5 inches thick, lying near the base of the Middle Purbeck 
sub-group, these being the portions of the skeleton that would be most likely first 
to drop out of floating and decomposing carcases. 

The zone of Bdefninitcft lod^cralis in the Speeton Clay of the Yorkshire coast and 
the Spilsby Sandstone of Lincolnshire, arc considered by Professor A. Pavlow and Mr. 
G. W. Laraplugh to ropreaent in i)art the Purbeck and Portland beds of the southern 
districts,^ 

France and the Jtixa. — The Jurassic system i« here synnnetrieally developed in 
the form of two gi’eat connected rings. The southern ring encloses the crystalline axis 
of the centre and south ; the northeni and larger ring enoireles the Cretaceous and 
Tertiary basin and opens towards the Channel, whore its separated ends point across to 
the continuation of the same rocks in England. But the structure of the two districts is 
exactly opx»osite, for in the southern area the oldest racks lie in the centre and the 
Jurassic strata dip outwards, while in the northern region the youngo.st formations lie 
in the centre and the Jurassic beds dix> inward below them. Where the two rings 
unite in the middle of Franco they send a tongue down to the Bay of Biscay. On the 
eastern side of the country the Jurassic system is copiously developed, and extends 
thence eastwards through the Jura Mountains into Germany. 

The subdivisions of the Jurassic system in the north and north-west of France 
belonging to wliat has been tenned 'the Anglo-Parisian basin, resemble generally those 
established in England. But in the southerix half of the country, and generally in the 
Mediterranean province, the facies departs considerably both lithologically and pal®- 
outologically from tlio English type, more x)articularly as regards the Upper Jurassic 
rocks. The following table gives in descending order a summary of the distribution of 
the Jrrrassic .System in France : ® — 

1 Bull, Jmp, dea Nat, 1891. Lainplugli, J, G, K hi. (1896), p. 216. 

^ For a detailed account of the development of the Jurassic rocks of France, see De 
LappSrent’s ‘Gdologie,* 4th edition (1900), of which the author of the present work has 
largely availed himself ; also A. (VOrhigny’s * Paleontologie Fran9ai8e — Terrains Oolithiques,’ 
1842-50; U’Arohiac, * PaUontologie de la France,’ 1868, and ‘ Paleontologie Fran^aise, 
continu4e par nne reunion de Pal^outologistes — TeiTain Jurassique,’ in course of 
pnhUcation ; Hilbert, 'Les Mers anclennes et leurs Bdvages, dans le Bossiu de Paris,’ 1867 
(a most interesting and valuable essay), and numerous papers in Bull, Soc. GSoL France : 
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10. Portlandian, separated into two sub-stages, At the base lie sands and clays, 
equivalents of tbe Portland Sands or “Bononian,” with Olcoste^hamis portlandicus 
and Mcogym virgvla. Higher up come sands and calcareous sandstones corresponding 
to the Portland Stone, with Trigonia gibbosa and Pens^Kmctes bononiensis, while 
the Purbeckian is marked by species of Cyrmaj Corbvla, and Gypris. The stage is 
beat developed along the coast near Boulogne-sur-mer, where it is composed of about 
250 feet of clays, sands, and sandstones, with AcrosaZenia Koenigi, NudeoUtes 
Brodieif Gardhm PelloZi^ Trigonia rojdmta, T. gibbosa, T, vivcfnrm, Ostrea 
expanaa, Perna Bonchardi^ Harpagodes [Pterocera) Oceania PeiiaphinGtes 
BkidierU P- bononienaia, &c. At the top lies a bed of limestone containing 
OyreruL PeUai% and covered by a travertine with Gypt^ia, which may represent the 
Purbeck beds. Far to the south, in Charente, some limestones containing Port- 
landian fossils are covered by others with G&tbnla inflexm^ Phyaa^ Viviparm, 
&o., possibly Purbeck. Fresh-water limestones, gypsiferous marls and dolomites 
(about 200 feet), and containing Go'ibiila forh^iana^ Phyaa weaXdiana-, Valvata 
ivelicoidea, Trigonia gibboaa, &c., occur in the Jura, round Pontarlier and near 
Morteau, in the valley of the Doubs.^ 

The Upper Jurassic rocks of southern France, the southern flank of the Alps, 
and the wide area of the Mediterranean basin, present a facies so different from that 
which was originally studied in England, northern Prance, and Germany that much 
difficulty was for many years experienced in the correlation of the deposits, and 
much discussion has arisen on the subject. From the researches of Oppel, Benecke, 
Hebert, and later writers, the true meaning of the southern facies is now better 
understood. It appears that the formations between the zone of Pei'iaph. biplex and 
Aapid, lo'ngiapinum at the top of the Kimeridgian group and the base of the Cretaceous 
system are represented in the southern area by a singularly uniform series of lime- 
stones, indicative of long unbroken deposition in deeper water, and unvaried by 
those oscillations and occasional terrestrial conditions 'which are observable farther 
north. The name of Tithonian (which is thus homotaxial with Portlandian) was 
given by Oppel to this more unifonn suite of strata, marked by the mixed character of 
their cephalopods, and by their peculiar perforated brachiopods of the type oiPygope 
janitor {^Tardbratxila diplxya)!^ Around Grenoble, the massive limestones resting 
upon some marls with species hr^''".p^:n'r tn o ■sone’ of Oppdia temcUdbata, contain 
Pygope janitor associated w’ i > tranaitorina, Belmnitea PiXLati^ 

Cidaris glandifet'af Ajpiocrhitia Jlexuoaiia. In the Basses Cevennes, the limestones 
attain a thickness of more than 1000 feet. At their base lie marls and marly lime- 
stones containing MacrocepJicditea macfivceplialua, A band of bluish limestone -with 
bituminous marls (65 feet), belonging to the zone of PeUocen'aa bimamniaiwm^ 
represents the Corallian. Some grey limestones (260 feet), with Ptrisphinctea 
polyplocua, contain fossils of the zone of Oppdia tmuilobata, equivalent to the 
Sequanian stage (p. 1149). These ore succeeded by a massive limestone (330 feet) 
with Pygope janitor and P&riaphvnctea tranaitoriua^ and this by a compact white 
limestone (500-650 feet) with Terebratula Qnoravica, Gidaria glandifera^ corals, 
&c. At the top lie some limestones (200 feet) with Pygope diphyoidea and many 
ammonites {Perisph. tranaito^'iua, Paploceraa cmracUieia, HopUtea Qaliato, &o.). 

9. Kimeridgian (=Kimeridge Clay), divisible in central and northern France into 
the following sub-stages in descending order : — 

(b) Virgulian.® Zone of A^uloceft'oa orUioc&ta^ Reinechia eudoxua, and 
R. paeitdoxmitahUia, 


Monographs by Loriol, Cotteau, Pellat, Royer, Tombeck, Glangeaud [Bull, Carte Oeoil, 
France, Nos. 50, 62) ; Gosselet’s ‘ Esquisse,* cited ante, p. 927. J. P. Blake, Q, J, G, S. 
1881, p. 497, gives a bibliography for N.W. Prance, and Barrois {P'l'oc, Qeol. Assoc.) a 
summary of resul'ts for the Boulonnais. For the last-named district consult also Pellat, 
B, S. G, F, viii. (1879) ; Bouvill*) et Rigaux, op. cit, xix. (1891), p. 819. Rigaux, ‘fJotice 
G6ologique sur le Bas Boulonnais,’ Boulogne-sur-mer, 1892. 

^ On the Portlandian rocks of the Aquitanian basin see Glangeaud, BuU, Garte GSd, 
France, No. 62 (1898). 

® For a study of the Tithonian fauna see A. Toucas, B. S, G. F. xviii. (1890), p. 660. 

® Named j5roin the abundance of the oyster Exogyra vwgxila. 
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{a) Pterocerian.^ Zone of Peri^hinctea (Pictonia) cymodoot^ Olcosteyhmim 
eintidua, Oypelia tenuUdbata, 

The coast-section near Boulogue-sur-mer exposes a series of clays, sands, and sand- 
stones (180 feet), from which a large series of characteristic fossils has been obtained, 
and which, as the type section of the “Bononian** beds, indicate a local littoral deposit 
in the upper part of the Kimeridge Clay. The Virgulian sub-stage consists of 
clays, sands, and limestones, with abundant Exogyra virgida, together with 
Eaiyagodes {Af^idoceras) oHlwc&ra in the lower part, A. higher nn, and 

O'.'. /V'. eannua at the top. In the French Ardeni i li-i I .tn’I..:' and 

!!' -"bstages are composed of a succession of marls and limestones, the 
Pterocerian limestones being marked by Waldli&imia h'lnmmlU, Mcdaytera. 
{Ptevocera) ymiti, &o., and the Virgulian marls by immense numbers of Exogym 
vvtgula. In the Meuse and Haute Mame, a group of compact limestones, more 
than 600 feet thick (Calcaires de Barrois), with Oicostepliautis gigaa, &c., repre- 
sents the Bononian sub-stage. Towards the Jura the Pterocerian sub-stage is 
well dcv»\“'ncd. n'ld its characteristic fossils ; while the Bononian comprises 
the L " limestones of the Jura, its upper part becoming the 

yellow or red imfossiliferous “Portlandian dolomite.” In the department of the 
Jura, the Pterocerian sub-stage contains a coral-reef, more than JOO Icl-L thick, 
near Saint Claude, and farther south another occurs at Oyonnax. In the same 
region, the Virgulian sub-stage, composed of bituminous shales and thin litho- 
graphic limestones, has yielded numerous fishes, reptiles, and abundant cycads and 
ferns. The position of these beds is fixed by the occurrence of the Mxogyfa 
mrgida below them, and of the Bononian limestones with N&nnaaa and Olco- 
stephanua gigaa above them. From what was said above under the Portlandian 
stage, it will bo seen that the Kiineridgian appears in a totally diftbrent aspect 
in the Mediterranean basin, being there composed of thick limestones with a mixed 
assemblage of ammonites, and characterised in the higher parts by the appearance 
of Pygopa janitor, 

8. Sequaniau.—According to recent readjustments of the nomenclature, this stage 
is equivjdent to the upper half of the English Corallian series. It is subdivided 
into two sub-stages as follows : — 

(A) Upper or Astartian.® Zone of Perisphinctes Achilles and Ztillma 
huvwrcdis, 

(«) liower or Rauracian.'* Zone of Peltoe&raja himanvtmtmn. 

Tlie English coralline type of deposit is prolonged far into the continent. It 
appears in considerable development in the Ardennes, where the limestones, full of 
corals, and alternating with marls, attain a thickness of 400 to 420 feet. Similai* 
limestones attain a great prominence on the Meuse, whore they are more than 450 
feet thick, and consist of oolites and corals in their positions of growth. In their 
lower portions they contain Uemicida.rii} creMdaria, Olyptious hiaroglyphimSi 
Qidm'is Jiorigemm, and numerous corals ; in their upper part they yield Dkettm 
arietinwii, Nerinasa MmiddsloM, Qardium coraUinum^ 0. miUamdlos^mih, Again 
in Tonne this sub-stage presents a coral-reef full of bunches of Septask'ma^ Mmit- 
Iwcdtia, &c. Farther south-east, in the Swiss Jura, corolliferous zones are inter- 
calated in the oolitic strata. South-westwards, in Burgundy, massive limestones 
with corals reappear, with lithographic and oolitic limestones. In the district of 
Be8au9ou, the stage is represented by ISO to 200 feet of coral-limestone with 
compact and oolitic bonds, and sometimes with calcareous marls that abut against 
the sides of what were fonnerly coral-reefs. Some horizons in this region are 
marked by the occurrence of remains of ferns and other land-plants (Saint Mihiel, 
in Lorraine : Dept, of Indre). 

7. Oxfordian and Oallovian. — Under these names are included the lower part of 
the English Corallian group and the whole of the Oxford Olay and Kellaways sub- 
stage. The strata are subdivided into four sub-stages : — 

• Upper Oxfordian or Argovian. Zone of Ochatooeras omalicudatmn 
and P&'ispKxmUs Martdli, 

^ Prom the prevalence of the gasteropod Pterocera. 

® So called from the prevalent genus Aata/rte, 

® Prom Raumcie, a name applied to the Jura region. 
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(f) Lower Oxfordian (Nenvizyau). Zone of Cardioceras cardatum and 
Peltoceras tmnsversarium, 

(b) Upper Callovian (Divesian). Zones of Quetistedtoceras {Cardioceras) 

Marise, and Laniherti and Peltoceras athleta. 

{a) Lower Callovian. Zone of Eeineckia aiice^s an<l Stepheoceras 
{Erymioceras) corcrhiatu-ni^ and beneath it the zone of Qosmocet'cts 
gowerianuM and Macrocephalites mac-rocephahts. 

The Tipper part of the Callovian stage is well exposed on the coast of Calvados, 
between Trouville and Dives, where the Divesian marl** and clays attain a thickness 
of more than 200 feet {Quenstedtoceras {Cardioceras) Lumh^dii Marise, Peltoceras 
athleta^ Gosnnoceras iJmicani^ Bdemnites hastatus, Ostrea gregat'ia, Crypheea 
dUatata), and an upn?r sT:b Tronii of clays with Cardioceras cordcdum, C. 
mrtdiralei Pdtoceras h--. Gryphasa dUatata^ &c., representing 

the Oxfordian. The ’..nch reduced in thickness, are clearly 

recognisable in the Boulonnais. North-eastwards, in the Ardennes, the Callovian 
stage appeal's as a p^Titous clay (25-30 feet) with oolitic limonite, the Oxfordian 
as a series of clays, marls, argillaceous sandstone (full of gelatinous silica and 
locally known as gaize) and oolitic ironstone. The iron-ore is worked at Neuvizy, 
where a large series of fossils has been obtained. Round Poitiers, the Callovian 
division is upwards of 100 feet thick. Eastwards it dwindles down towards 
the Jura, but is recognisable there under the Oxfordian marl*? (330 feet). 

6. Bathonian. — ^Tliis subdivision comprises the French i i-' the English 
Lower Oolites from the Fuller’s Earth up to the top of : ‘..-’i. Regai'ded 

from the point of view of the distribution of its ammonites, it has been sub- 
divided into four zones : — 

{d) Zone of Oppelia ctspidouies with (Ecoiraustes sereigerns and Oppelia 
{0.eynoticeras) disoiis. 

(c) „ Oppelia fxma^ Morphoceras polyrmrphum^ and Pictonia 

zig-mg, 

(6) „ the maximum developmprt of Pa/i'kinsonia ParkinsonL 

(a) „ Parkinsonia {COfdmeyras) garantiana^ P. siibfurcatai and 

Codoceras siAbcoronatuin. 

In Normandy the Bathonian stage continues the type of the south of England. 
It consists of (a) a lower group of strata which at one })art are the Port-en-Bessin 
marls (100 feet or more, with Bdemnites bessimesj Morphoceras polymorphwn, 
Oppellia fuscat &c.) and at another, the famous 'Caen stone, so long used as a 
budding material, and wliich from its saurian and other remains may be paralleled 
with the Fuller’s Earth and Stonesteld Slate ; {h) oolitic limestones (Oolithe 
Miliaire) about 100 feet thick, with Ladna BeUona, probably representing the Great 
Oolite of England ; (c) cr’cmTlnr I'mestone (Ranville), bryozoan limestone, witli 
some of the fossils of U-.n’.ib-i! Clay and Forest Marble {Mudesia cardium, 
JOictyothyris coax'ctata, Terebratula fiahdlam, WaWieimia digora) ; {d) marly 
limestones and blue clay (Lion-sur-Mer) with Qxynoticeras ilochstettcri^ Peri- 
sphinctes procei'usy Endesia cardium, Rhynclmidla wff/or, probably reiwesenting the 
English Coriibrasb. In the Ardennes, the Fuller’s !^th is represented by some 
sandy limestones, lumachelles, and granular limestone, with Cstreet, acxminata, 
/*ar/:i»sOiit'f' Parkinsoni, Bdemnites gigaxiteus, &c.; the Great Oolite by a massive 
limestone (160-200 feet) with CardCum pes-bovis, Pwipv/roidea minaXf followed 
by 160-180 feet of limestones, with numerous fossils {RfyynchoneUa decorata, It 
elegantula, Ostrea ,flabeUoides, &c.). The limestones are replaced eastwards by 
marly and sandy beds. In the C6te-d’Or, the stage is largely developed, and 
is divided into three sub-stages : {a) Lower (116 feet), lime.'^toneR and marls with 
zones of Mmiomya gihhosa^ TcrchratxUa Mamklsloki, Pnuhahmiya bucardkium ; (6) 
Middle (196 feet), white limestones and oolites, with zone of Perisphinictes arbusti- 
gerasy Purpiiroidea glalrra and eohinoderms : (c) Upper (82 feet) limestones and 
marls with Midesia cardiutn, Waldhemia digona^ Penwstrea PeUati, Perdaariwas 
Bweignieri, and with land-plants in one of the zones. In the south of France th® 
Proven 9 al type of sediments appears in a series of marly limestones (more than 460 
feet thick between Aix and Marseilles) with Perisphindes aslnistigencs, &c. 

5. Bajocian,^ well developed in the department of Calvados, as the name denotes. Its 


^ From Bayeux in Calvados. 
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thicliness is 60-80 feet, and it consists of; 1, Lower limestone {Lutkoigia 
MurcImaiwBi Lioce/i'os cancavtm) j 2,* limestone with numerous ferruginous oolites, 
fossils abundant and well preserved {Parkin^onia garantiana^ Ooeloceras sub- 
coronatu7i- M. ; ■. " ParJd^l^07l%Pms^hi7lcte8 Martirnii 

Opjgelia /in . gigaiUefts, &c.); 3, Upper white oolite with 

abundant brachiopods, sponges, and urchins {Bdemnites wiicanaliciilattis^ B. 
bessiiiitSf Parkijmiim Parkinsoni^ Terehmiida PMllqisU Stomechiuus higrmidariSf 
&c.). In the French Ardennes, the stage (400 feet) presents a lower group of marls 
with LudwigUt Mwrchiso'im and many corals, followed by an upper limestone (30- . 

130 feet) with Codoc&raa Blcugdeitdy Bdm. giganteiis^ &c. Towards Lorraine, 
this limestone becomes charged with corals, some parts being true reel’s. North 
of Metz, the stage is mostly limestone, and reaches a thickness of 330 feet. 

In Burgundy, it is chiefly a crinoidal limestone (100 feet), capping boldly the 
Liassic marls. In the Jura, it attains a thickness of upwards of 300 feet, and 
consists chiefly of limestone. In Southern France, it swells out to greater pro- 
portions, reaching in Provence a thickness of 600 feet, where it consists of sandy 
limestones and marls below {QaTicellophyciis^ Lima hetenroinorplia) with a tliin over- 
lying limestone abounding in ammonites {/^nuinia Soioerbyit Sg/mroceras Batumi 
above which comes a mass of cnlcareoius marls, 560 feet thick, seldom containing 
any other organism than PeUen SUeum. 

The Lias of France and Switzerland 1 im been subdivided into four stages, of which 
the uppermost three correspond on the whole with the Upper, Middle, and Lower Lias 
of England, while the fourth is the equivalent of the basement beds of the English Lias, 
with perhaps part of the Penarth or Rheetic group. These subdivisions, with their 
several palieontological zones, are shown in the subjoined table. 



Zone of Lioceras {Paiyoc&ris) upalinwii and Orammocems [Hco'pU’ 
c&ras) aaleme, 

„ Lytoceras juretm with Ilanmatoceras insigne and Or^vmw- 
c&t'os (Har^oceras) falladosum {Ammonites radians), 

,, Dactylioceras {Cadoeetxts) commune^ Codoc&ras crassum^ 
EUdnceras (Harpoceras) htfrons. 

„ Harpoceras fcdci/erim and Hddoceras {Harpoceras) hifrons. 
Zone of PaltopleurorercLS (AmaWmis) spinakm. 

,, Avialiheaia margaritcdm and Grammoo&ii'as {Harpoceras} 

mrumnnianwn. 

,, Deroceras (ASgoceras) Bawei, JEgoceras cap7%cor9iu, and 

Lytoce/ras fimbri.aiu7n, 

,, Phylloceras ibeicvdth Upto7via {JSgom'Os) Jhwesowi at the 
base and Lei'oceras {BSgoceras) a7mat%m. 

Zone of Ophioceras {Arietites) ra7’icosfahm, with lower sub-zone of 
(hifTLoUceras oxijnot um. 

„ - 1 rid lies obtmusj with . I . {Aste7'(n'ei'as) stdlwris and ASgoceras 

{Microderoce:7xt8) plmiicostaUm, 

,, Arietites T%mieri, 

„ ArietUes BitcMandi, with lower sub-zone of Aimioceixis 
{Arietites) smdeostakmi (gemdricxm). 



Zone of ScM'Ot/iemia {JEgoceras) a^igtdata, 
,, PsUoceras {JEgocmis) plamrrhe. 


4. Toarcian. — This division corresponds closely with the Upper Lias of England. It 
is well developed in Lorraine, where it is i^m 330 to 370 feet thick, and consists 
of a lower series of marls with Posidmomya^ followed by an upper group of sand- 
stone. oolitic brown ironstone, and overlying micaceous marli^ This ironstone, 
which is marked by the presence of JUoceras (Harpoceras) ojjidiiiUin, JTaiUihnh>cr,-as 
iamgnSf Bde 77 mite 8 dbbrematus, O-ryphsea femtgimx^ Trigonm nan's, largely 
worlaed at Lougwy, Villerupt, &c., and can be traced from the Ardeche to Luxem- 
bourg. In the Ardennes, the stage includes a lower series of marls and clays 
(300 feet) with Harpoceras [Lu^as) serpeniimum, a middle marl containing 
(■iramtmeras {Harpoceras) radians, HUdoceras biifrons, Codoceras raqitmiannm, 
Bdemmites compressvs, B, mmius, and an upper limonite (Longwy) with Idoceras 
{Harpoceixui) o}7ali7mm, (Jrammoceras {Harpoceras) aahnse, Ostrea fermgkiea, 
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Trigonia navis, lu Yonne and C5t6-d*Or, it consists of the follow^ members in 
ascending order: — 1, marls with Eosidonomya and lumachelle with Harpocefras 
{Lioceras) set'jpentuiim^ Coeloceras JDesplacei^ C. Solandrei (15-80 feet) ; 2, marls 
with Lioceras complanatum, Hildoceras borons, Turbo capitmxms (26 feet) ; 3, 
marls with Turbo .-j* '•.* Ocdoceras orasmm (12-20 feet); 4, blue marls 

with Cancellophycus /i-’f-SO feet). Near St. Amand, Cher, the stage con- 

sists of nearly 200 feet of marls and clays with seven recognisable zones. In the 
Haute Marne, it is nearly as thick. In the Khone basin it consists of a lower 
group of limestones with Pecten seqxLivaVois^ and an upper group of ferruginous 
bed®. :Tic‘lud’’'.f: 'mportant seam of oolitic ironstone, and cortaininpr the zones 

of I * and Lioceras {Haipoceras) opalinum, lu Ih-ovoiuT, it con- 
sists of a thick mass of dark shales with some limestones below an<l above, the 
whole reaching a thickness of 950 feet. In Normandy, the Toarcian stage is 
only 20 feet thick, but shows the characteristic ammonite zones. 

3. Charmouthian.^ — The stage thus named corresponds to the English Middle Lias 
and the upper part of the Lovrer Lias, or zones 8 to 13 of the table on p. 1133. 

In Lorraine, where it reaches a thickness of 230 to 260 feet, it consists of the 
following three assises in ascending order ; — 1, limestones {Leroceras {^goeeras) 
Dami) and marls with phosphates ; 2, marls and ferruginous concretions 
{Amalthem margaritatus) ; 3, sandstones {Grypheea regularis). In the French 
Ardennes, it is 860 feet thick, and comprises : 1, sandy clay with Mics'oderoceras 
{uEgoceras) planicosiatmi^ Qryyhesa regularise Plicatiila sphiosa; % marl with 
Be&ianites clavaiuse jEgoceras capricomu ; 3, ferruginous limestone with Palto- 
pleuroceras {AvMdtJwm) spiimtum, Bd. paasUlosus, Westwards this stage becomes 
almost "wholly marly. In Yonne and C8te d’Or, it is divisible into three assises, 
in the following ascending order: 1, Belemnite limestone of Venarey (40 feet), 
comprising the zones of (a) Qycloeeras {jEgocen'os) VaZdanie (5) ASgoceras venarense, 

(c) Liparoceras Senleyi, (rf) Beroceras {uEgoceras) Bavoci : 2, micaceous and 
pyritous marls, about 200 feet ; 3, nodular limestone with large gryphites, and 
Pecteu sBguivalvis, In western Switzerland and the adjoining tracts of bSrance 
M. Hang has shown that three facies of the Liassic series can be obsetved, arranged 
in three parallel bands round the crystalline core of the Cottian AJps. The first, 
that of the Brian 9 onnais, presents a series of crystalline, often brecciated, lime- 
stones, sometimes coraliferous, and abounding in lamellibranchs and gat^tcropods. 
with but a trifling intercalation of shales and marls. The second or Daupliiisinn 
consists of marly or compact, never crystalline, limestones and clays, with abundant 
cephalopods, but no gryphseas, brachipods, or gasteropods, and sometimes reaching 
the great thickness of more than 6000 feet. The third or Provenyol is composed 
chi^y of bedded limestones about 2000 feet thick, with abundant crinoidK, 
brachipods, and lamdlibranchs.® 

2. Sinemurian.® — This stage corresponds to the greater part of the Lower Lias of 
England, comprising all this formation from the base of the Annatus zone down to 
the top of the AuguIaMis zone. As its name denotes, it is typically developed 
around Semur in the COte-d’Or, where it consists of nodular gryphito limestone 
with marly bands (23-26 feet), and is divisible into three zones, whicl^ counting from 
below, are marked respectively by: 1, Arieiites {Coroniceras) rotifmnis ; 2, .^1. 
{CoroTiiceras) Bucklandi; 3, A, {Asteroceras) stellar is. A, obtimiSe and WaldJiewim 
cor. Near St. Amand, Cher, it is composed of about 15 feet of marly limestone, 
which represent only its upper part. In the Haute Marne and Juro^ it is a 
limestone with curved gryphites, and ranges from 15 to 25 feet in thickness. In 
the basin of the Rhone it is a calcareous formation, 20 to 25 feet thick, contain- 
ing in ascending order the zones of Arietites Baviilsoni, A. stdlaris, Oxynoticsras 
oxynotwn, Microderoceras {uEgocoras) planicostatum. Farther south, it swells out in 
Provence to 275 feet, and is separable into a lower group with Anetites {Covoni^ 
ceras) Bucklandi, and a higher with Bdemnitea acutus and Arietites hmdcatus. 

In Normandy, it is about 100 feet thick, and comprises clays and marly gryphite 
limestones (A. Usftdcaius), surmounted by gryphite limestones and clays {Belem- 
nites brevis, WaWidmia cor ,). , 



^ From Charmouth, in Dorset, where the stage is well developed. 

* M. Haug, BulL Carte Qkil, Ercmce, No, 21 (1891) ; Lory, B. S. G. F, (3) ir. 

® Named by D’Orbigny from Semur iu the COte-d’Or where the stage is well 

displayed. 
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1. Hettaugian,^ eorrespontliug to tlie Angitlatiifi md. Planorbis zones at the base of 
the English Idas, rests conformably on the sandstones, marls, and bone-bed of the 
.iricula contoHa zone or Rlnetic group. In the Hettange district the zone of 
Psilocerait jplanorbe^ composed of dark bituminous marls and fetid limestones 
(10 to 40 feet), contains Cardin iu Deshayesi^ and is succeeded by the sandstone of 
Hettange (nearly 200 feet), with Schhtheimia aiiujvlaUi and numerous other fossils, 
among which are abundant shells of Cardinia^ with Plicatula, Pecten^ Idma, 
MmUicedtia^ and a number of ferns and oyetiAs {Thammtoptefris, '7 . 

Thinnfddm^ Qyradifen^ Ofnznmdes). The zone becomes less sandy . i 
into Belgium, where it forms the Marne de Jamoigiie. The Hettangian stage of 
Burgundy is thin, and is composed of a lower Lumachelle de Bourgogne [Oati'ea 
irregularis^ Oardinia Listen, G. sinsmnrensis^ C. trapezinm, G.hjihrida, Oxynoticeras 
JJargundite) and an upper marly limestone known as “Foie de Veau” {Arietites 
liasicus, MInfheimia angidaUt^ S. nm'eana, O.n/mticeras Burgundin', Littorina 
clathratu, Cardinia, &c.). In the basin of the Rhone, the Planorhis zone is about 
40 feet thick, and the Augidatua zone 20 to 26 feet. In Coteutin, the stage is 
divisible into a lower sub-group of marls (Mytilus minutus, Corhula Ludovicte) and 
an upper sub-group of limestones {Oardinia ronrinna, Peoteu mloniensis). 


One of the most interesting features of the Lias in the northern or Jura part of 
Switzerland is the insect-beds at Schambeleii in the Canton Aargau. The insects are 
better preserved and more varied than those in the English Lias. They include 
representatives of Orthoptcra, Neuroptera, Coleoptera (upwards of 100 species of 
beetles), Hymenopteni, and Heniiptera. About half of the beetles are w'ood- eating 
kinds, so that there must have been abundant woodlands on the Swiss dry land in 
Liassic time.'** 

Germany.— In north-western Genuauy the subjoined classification of the Jurassic 
system has been adopted ; ^ — 



'Purbeck gi’oup (Serpulit, a limestone 360 feet thick, and Mtinder Mergel, a 
series of red and given marls, with dolomite and gypsum, at least 1000 
feet tliick), for n dug a trausitiou between the Purbeck and Portland groups, 
Eimheekliiiiiser Plattenkalke and zone of O’.-* s'*^..’. * equivedent to 

the English Portland group {Oorbida, .i/**/’* V ■ /, Gyrma), 
Kimeridge group, Upper, with Exogyr-* ; Middle or 

Ptenmira {Jfttrfntgndest) beds (Pteroceriau) ; Lo'wer (Astartian, Upper 
S«‘rniniiiau), "itli .yerinna beds and zone of Terdbratxtla humeralis,* 

I CoiMliiaM, with Cidaris Jtarigenmay oomXs, Pecteu va/ri-ans, Ostraa TOstellaris, 
Nerhitna ovw>'ni^. 


Oxfordian, vi;!: f.n-tf't-/ dilatata^ AspiUoceras jperarmatmn, Oardioceras 
card at urn. 

Clays with Oosinoceras arnatiivu C. Jason, QucnsfedltHrms Lamherti, 
liHneckia anceps, Pdtnceras ath(eta=^^^ OrnaX.ns clays." This stage is 
usually included by German geologists iu the Middle Jura. 

' Clays, shales, and ferruginous oolite with at the top the zone of 
Alaaroccpludites nmcTomphcdits, (‘qir*vnle'i+ to the Calloviaii 
or Kcllaways rock, and at the b-r.; -m of Parkimmiia 
Pnrki nsmii. 

“Bifiircatus-schichten” with Parkinson ia {Ctmioceii'as) Ufur- 
cala. These ** Bifurcatus beds,” with the Hauptrogensteiu 


Upper 

20-100 

ft 


1 Named by l^ofessor Renevier lYom tlie sandstone of Hettange in Luxemburg. Tliis 
stage has been widely known as that of the ** Infra-Lias. ” 

Hecr, ‘ Urwelt der Schweiz,’ p. 82. 

• Heiiir, Creduor, Ober. Junti in JH", TF. Beutsetda nd, 3 863. See also the works of 
Oppel and (Jiieiistedt quoted on p. 1132, and K. von Seehach’s Der Jlamioversche Jura, 
1864. Brauns’ Unter. Mittt. and Ober, Jura, 1869, 1871, 1874. 0, Proas, ‘Geogno- 
stische Beschreibiiiig voii Wllrtteinberg, Baden uud Hohenzollem,’ Stuttgai-t, 1882. Th. 
Engel, ‘Geoguostischer Wegwoiser durch Wilrttemberg, Stuttgart (1883). 

Striickmaun, K, Jahrh. 1881 (il.), p. 102. 
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above tliem, including tbe zones of Op^Ua fiisca and O, 
(ispiduides, form the Bathoiiinn stage. ^ 

“ Corouatus - schichten,” clays with 
aniim, and many corals of the genera 
smilia^ GladophylliOy laastrsea, Confusastriea, and Thamnas- 
trseaJ^ 

Ostrea limestone with Ostrea Marshit 0. edidifon/ua, Tngonia 
coatata. 

Clays with Bdefinnitea gigantena. 

Shales, sandstones, and ironstones, with Inocftmmus pohjploous^ 
Liidicigia {R^rpnrera«) Mitrchiamte^ Pecten peraonatna. 

Clays and shales wiih Lioceras {Harpoceraa) opalinmn^ Trigonal 
nams. 

Grey marls with Lytoceraa Jureyiae (Jnrensis-Mergel), Orauimn- 
ceraa {Uarpoceraa) radiana. 

Bituminous shales (Posidonien - Schiefer) with Harpoceras 
iythense, Dactylioceraa {Codoceraa) commune^ Hatpoceraa 
hifrona^ Poaidmoinya BronnL 

Clays with [Amaltheus) apinatum, AmaltJieiia 

margaritciti /*■ ' pcuciUoa^ia. 

Marls and limestones with uPigocema capricorna, Deroceraa 
Davcdi. 

Dark clays and ferruginous marls with Phy?h 
Uptunia {^Eyoceraa) Jameaoni, Terehratida 
Clays with Anetitea obtuaua {Turneri\ Oxynotieeraa oxynotnm 
(Oxynotenlager). 

Oil shales and Pentacrinus beds resting on gryphite limestone 
with Arietitea BucklamU, Oryjihf^'ci arcuatai Lima gigantea, 
Spir{ferina Walcotti (Arietenschichten). 

Sandstones with ScJdotheimia angulatii (Augulatenschichten), 
Ciirdinia Liateri. 

Dark clays, sandy layers, and limestone with Pailocmia 2>hin- 
. orhe [psilonotum) (Psilonotenkalk). 

In lithological characters the German Lower or Black Jura presents many points 
of resemblance to the English Lias. Some of the shales in the upper division are so 
bituminous as to be workable for mineral oil. With the general succession of 
organisms also, so w^ell worked out by Oppel, Quenstedt, and others, the English 
Lias has been found to agree closely. 

The Dogger or Brown Jura represents the Lower Oolite of England and the 
Stages Bajocien and Bathonien of Fi*ance. Its lower division consists mainly of dark 
cla^s and shales, passing up in Swabia into brown and yellow sandstones with oolitic 
ironstone."* The central group in northern Germany differs from tlie corresponding 
beds in England, France, and southern Germany by the great preponderance of dark 
clays and ironstone nodules. The upper group consists essentially of clays and shales 
with bands of oolitic ii’onstoiie, thus presenting a great difference to the massive 
calcareous formation on the same platform in England and France. 

The Malm, or Upper or White Jura corresponds to the Middle and Upper Oolites 
of England, fi*om the base of the Oxford clay upwards, with the equivalent forniations 
in France. It is upwards of 1000 feet thick, and derives its name from the white or b’ght 

1 For an account of the fauna of this stage in the upper Ehenish lowland see A. 0. 
Schlippe, Ahhand, Gaol. SpecUdkarL JSlaaaa-Loihr. IV. Heft iv. (1888). 

* G. Meyer, “Korallen des Doggers,” Ablmid. Geol. Speckdkart Elaaaa-Lothr, IV. Heft 
V. (1888). 

^ For an account of this stage see J. A. Stuber, Ahlumdl. Gaol. Spacialkart SUsaaa-Lotlir 
V. iL (1893). 

^ For a detailed stratigraphical and palaontological account of the Lower Dogger of 
German Lorraine see W. Branco, Ab?ia9id, Gaol, Specudkart, Elaaaa-Lothr. II Heft ii 
(1879). 
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colour of its rocks contmsted with the dark tints of the Jurassic strata below’. It 
consists mainly of white limestones in many varieties ; other materials are dolomite and 
calcareous marl. Its lower (Oxfordian) gi’oup is essentially calcareous, but with some of 
the fossils which occur in the O.xford clay, e.g. Coshioccras oniatum and G^'ypkasa dilatata. 
The massive limestones with Cidaris floHyeuima are the equivalents of the Oorallian. 
The Kimeridge group presents at its base beds equivalent to part of the Scquanian or 
Astartian sub-stage of France {Astarte supracomllimi, Nattca glohosa^ &c.), with such 
an abundance and variety of the gasteropod genus Kcrina'a that the beds have been 
named the “ Nerineen-Schichten.” Above these come strata with Harpagodea 
{Pteroccra) Oceajii (Pterocerian), marking the central zone of the Kiineridgian stage. 
Higher still lie compact and oolitic limestones with Eji^ogyra virgula (Virgulian). At 
the top some limestones and marly clays yield Ohostepkanus gigas ( Portland ian). The 
most important member of the German Kiineridgian stage is undoubtedly the limestone 
long quarried for lithogi*aphic stone at Solenhofen, near Munich. Its excessive fineness 
of grain lias enabled it to preserve in the most marvellous perfection the remains of 
a remarkably varied and abundant fauna both of the sea and land. Besides skeletons 
of fishes (Aspidorh'ipicJimi Lcpulotus, Megahti‘^is\ ccphalopods showing casts of their 
soft parts, crabs with every pari of the integument in place, and other denizens of the 
water, there lie the relics of a terrestrial fauna w’ashed or blown into the neighbouring 
shallow lagoons— dragon-flies with the lace- work of their wings, and other insects; 
the entire skeletons of Pterodactyle and Kliainphorliynchus, in one case with the wing 
membrane preserved (Figs. 486-437), and the i*cinains of the earliest known bird, 
ArehsaoptemM (Fig. 488). The iip])er Jurassic series is well developed in Hanover, 
where it has been carefully studied by C. Struckraanu. The Portland group was shown 
by him to contain cighty-flve species of fossils, one-half of which are lamellibianchs, and 
to include the chai*actcristio ammonites A, gigas^ portlmulieus, GravesiamSf gigmiteus^ 
The German Purbeck group attains an enormous development iu Westphalia (1660 feet),’ 
where, between limestones full of Corhula, Vwipams^ and Cydas, pointiiig to fresh- 
water deposition, there occur beds of gypslim and rock-salt. 

Alps. — The J urassic system iu the Alps is developed under a diiFereiit aspect from its 
varied characters in central and w’cstern Europe. It there includes massive reddish 
limestones or inai’bles like those of the Trias of the same I’egion. Indeed it would seem 
that the pelagic conditions under which the Triassie limestones were deposited had not 
entii’ely ])a8aed away when the Jurassic formations came to he laid down. We have 
seen {mte, p. 1162) that in the western pai-t of the Alpine chain three distinct types of 
the Lias are to be found. In the Tyrol and eastern Alps the Lias presents still otlier 
lithological and paleontological ohaiactera. A distinguishing feature is the ])rominenco 
of red and variegated itmrbles, also the abundance of genera of ammonites which are for 
the moat part feebly represented in central and western Euroi)e.' Of those familiar in the 
latter regions, some of the conspicuous foniis arc species of Phylloceras, LytoccraSf Amah 
theuHi 0^iolicr,rm^ ArictiteSj Pailom'as, and BMotheimia, At Adneth, in Salzburg, 
this facies has been long studied. In the Hiorlatz Mountains of the Salzkauiiucrgut the 
Lias is represented by massive ■white and pink limestones with abundant bracliiopods. 
Yet with these calcareous deposits there arc also developed along the southern boi-ders 
of Bohemia and eastwards in Hungary, sandy and argillaceous strata containing so 
much vegetation as to afford in some places beds of coal.*-* The Alpine Lias, in spite of 
these variations of cbai’acter and organic contents, shows here and there some of the dis- 
tinctive ammonite zones, so that it can bo placed in comparison with that of the rest of 
Europe, lit lies confoimably on and passes down into tlie Rbretic series. 

The equivalents of the English Lower Oolites or ‘‘Middle Jui-a” of the Continent 

^ ‘Der Obere Jura der Umgegend von Hanover,* 1878 ; Palaeontolog. Ahhand. (Dames 
u. Kayzer) I. j. (1882) ; ZeUsetu Deutach. Geol, Gas, 1887 p. 32. 

® Neumayi*, Ahimmi. k. k. Gaol. Reichsanst. 1879. 
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have been detected in both the western and eastern Alps, but ai“e not well developed 
there. In the west, where they are about 1300 feet thick, they consist of limestones, 
shales, and clays with calcai'eous nodules, which form regular alternations. Ammonites, 
especially of the genera Bhylloacras and Ljftoceras^ abound, together with Posidonomya. 
The zones of Lmhciyia {ffarpocrras) Jlurchisoois', Lioccras {Haipoccras) eommum, 
Soiininia Sowerbyi, S. Bomani, StepheocercLS hwnphriesianvm^ Parldnsonia Parhi^isoni 
and OppclUi fiiscus have been recognised.^ 

The Oxfordian and Corallian divisions of the Jurassic system, or Callovian, Oxfordian, 
and Se(£uanian fomations, are in general feebly represented in the Alpine region ; but 
the Upper Oolites or Kimeiidgian and Portlandiau seiies attain a large development. 
It is this higher pail; of the system which in the Alps specially presents the Tithonian 
facies already referred to. Above the zone of Oppclkt tenmlobatum (Aspidoccras acantUi- 
aun ) comes a mass of strata consisting of a lower group of reddish well-bedded limestones 
so full of Terehratiila diphya {Pygopc janitor) as to be named the “ Diphya-limestone ” ; 
and of an upper thick-bedded or massive light-coloured limestone (Sti-amberg limestone, 
from Stramberg in ISiIoravia). The limestones are often crowded with cephalopods, of 
which a large number of sijccies, many of them peculiar, have been noticed {Phylloce^^a^ 
ptycJiokumj Sinioceras volanenaCi Sonninia (Waagmia) hylo^iota^ Perisplmictea transi- 
torius, Oppelia litliogi'aphica^ 0. atentspia). The presence of some of these shells in the 
Portlandian rocks of Germany serves to place all these Alpine limestones at the very top 
of the Jurassic system. About a dozen species of fossils pass up from them into the 
Cretaceous rocks. The shales or impure shaly limestones are sometimes full of the 
curious cephalopod opercula known as AptycJms (Aptychus-beds). Some of the more 
massive limestones are true coral-reefs. Many of the limestone escarpments of the Alps 
(Hochgebirgskalk) are referable to the Terehratnla dipkya beds. In some places they 
are overlain by the ‘‘Diphyoides-beds’* (with Tereln^atula [Pyg<^e] diphyoidc$)j elsewhere 
they pass insensibly upwards into the so-called Bimvcone — a white compact siliceous lime- 
stone containing Cretaceous cephalopods. The Diphya-limestone, with its peculiai* 
fossils, appeal's to range from the Carpathians through the Alps and Apennines (where 
it occurs as a marble) into Sicily.- 

Mediteiranean Basin,— The older members of the Jurassic sy.stom have been more or 
less distinctly recognised by the evidence of fossils over a wide region around the 
Mediterranean. The Lias appears in various parts of the Spanish peninsula, generally in 
a dolomitised condition. In the centre of the Apennine chain, where the plications of 
that region have brought it to the surface, it is found in the form of limestones with 
ammonites and variegated marls {Arietites, ScMotlwimia, Lytoceraa, &c.). In Calabria 
the Lower Lias has been estimated to consist of upwards of 1500 feet of white crystalline 
limestones {Spirif&i'iiia, Waldheimia). The fonnation crosses into Sicily, where it has 
yielded some of its typical fossils. On the eastern side of the Adriatic it rises again in 
Bosnia, and has been found in Epiims, and in the opposite island of Corfu.-* 

Middle and Upper Jurassic formations have a similar distribution. They have 
been recognised in Spain and Portugal fi-om the Lias to the Portlandian, the Tithonian 

^ Hang, BidL OarL France, No. 21 (1891). 

In the Voluminous literature of this subject the following works may be consulted ; 
Oppel, Z, Deutach, (hoi, Ges, xvii. (1866), 635. Neumayr, Ahlmyidl, Geol, Behhaanstalt, ^ , 
Zittel, Paluont Mittheil. Mas, Bayen'. Hebert, Bnll. Soc, Ghl, France, u. (2) p. 148, xi. 
(3) p. 400. E. W. Benecke, ‘Trias und Jura in den Stidalpen,’ 1866. * Geognostisch. 

Palaontologische Beitrgge,’ 8vo, Munich, 1868. C. Moesch, ‘Jura in den Alnen, Ostsch- 
weiz,’ 1872. E. Fraas, ‘ Scenerie der Alpen.’ See also the ‘ Jura-studien,* &c., of Neumayr, 
already cited (p. 1129), and the papers of Favre, Loriol, Renevier, and others. 

^ G. Stache, Abhcmd, Geol, JieichaaT^t. Vienna, xiii. (1889). A. Philippson and G. 
Steinmanu, Z. D. G, G, xlvi. (1894), p. 116. Partsch, Betmnann. Mitih, (ErgjLnzungshelt, 
No. 88, 1887). 
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facies becoming strongly marked in the higher fonnations (p. 1148). While these strata 
are generally of marine origin, their higher members in Poitngal present increasing 
evidence of terrestidal conditions, until in what may be the equivalent of the 
Sequaniaii and Kinieridgian stages an abundant flora has been preserved, embracing 
126 species (71 fenis, 7 cycads, 26 eonifei*s, 8 monocotyledons), among whicli perhaps 
tlie most interesting forms are some that are regarded as primitive types of 
angiospemis. A remarkable similarity has been traced between this assemblage of 
plants and that found in the American Trias, three species and fourteen genera being 
common to both, while on the other hand a still more striking resemblance has been 
traced between it and that obtained from the Lower Cretaceous formations of the United 
States. We shall find that in some parts of Portugal a gradual passage can be traced 
from Jurassic into Cretaceous strata, and that the terrestrial conditions of that region 
continued into Cretaceous time, tlicir record being preserved in a higher group of strata 
wherein another abundant flora has been entombed.^ The Jurassic fonnations reappear in 
the Balearic Isles, Sardinia, and Sicily, while in Italy the Tithonian type of the highest 
members comes out strongly among the groat marble series of the chain of the Apennines. 
Jurassic fossils have likeudse been obtained from the eastern )iart of the IMeditoiTanean 
basin. Those collected at Mount Herniou in Palestine indicate an Oxfordian liorizon. 
The system is thus prolonged from the European region into Asia. 

Russia. — Jurassic formations sjwead over a larger area in Russia than in any other 
part of Europe, for they sweep northwards over a vast breailth of territory to the White 
Sea, and extend eastwards into Asia. Yet in this wide area it is mainly the upper half 
of the system which appears. The Lias an<l other formations of the Lower Jurassic 
series have been traced in the south of the empire. Some of them are found in the 
Crimea, whence they are prolonged on either side of the Caucasian chain, but chiefly on 
the north side as far as the plains of the Caspian Sea. Over the northern half of the 
country the various formations from the Callovian up into the Orotaceous system have 
been identified. The fauna of these Russian Jurassic fonnations, however, is so peculiar, 
and for a long time yielded so few species found elsewhere in Europe, that it was 
difficult to correlate the rock.s with those of better known regions. ^lore sedulous 
research has now in largo measure removed this difficulty, by showing that some of the 
recognised life-zones of western Europe can be detected in Russia.’-^ At the bottom lies 

(1) the Callovian stage, consisting of clays, divided into — u. Lower with Ecppleritcs 
(Oosmoceras) callovicjm, Oomioccrcus goicerumnvi ; 1). Middle with Cos:mocera8 Jasoiu 
Steplbeocrras coronatiim ; c. Upper with Qiieiutcdtoccras Lamheyti, Cosmoccras 

(2) Oxfordian, composed of dark sandy clays and divided into — a. Lower with Cardioeeras 

conlatum, Q, veytehrale, TerispMtfjctea pUcciilis, Aspidoceras pmmmtum ; b. Upper with 
Ganlwccras alte.nmiiSi FeriftphmdeH Mm'ielli, (8) Volgian (of Prof. Nikitin), consisting 
of green, brown, and dark sandstones and clays, which extend up to the shores of the 
Arctic Sea. They contain J^erisphvictes BUklieriy P. NiMtini with species of HoplUes, 
Virgtititis, and a gi’oat abundance of the lamellibranch genus A uedla. This group is 
correlated by Pavlow with the Portlandian stage of western Europe. This author 
an*angos the several Upper Jurassic groups in the Syzran district as follows : — 1. 
Kimeridgiau, marly clays with PciiheckUt {JToplUra) panidomntaUlk ; 2. Portlandian or 
Bononian, consisting of {a) shales, and clays with Bdemnites maginficus, 

Amelia Pall(tsi\ and crashed ammonites of the Bleidien type, (h) Firgatus-heds-- 
phospliatic conglomerate and shales with Virgatites virgcd%i8t BelemnitcB absoliUiis, &c., 

^ P. Ch^teat, “Receuil de Monogi*aphies Stratigraphiques,” Sen\ Ged. Portvgalf 1885- 
1900. De Saporta, Compt, rend, cxi. p. 812, L. F. Ward, 16/A Ann, liep. U.R. if, S, 
(1896), p. 620, and postea, p. 1206. ” ' 

® Neumayr, Qeogn, Palaeontol, Beitrffge, 1876, vol. ii Nikitin, Neites Jah/^, 1886, ii. 
p. 206 ; Mem, Acad, JSt. PMershourgt 1881. Pavlow, BulL Sov. GSd, P'rance, xii. (1884) ; 
Bidl, ibc. Moscout 1889, 1891. 
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(c) (^i^j^rt^i^ez/s-beds—glaucouitic sandstone, with large ammonites of the Gigaideus type ; 
3. Aqiiilonian, consisting of calcareous sandstone and comprising (1) a lower sub-stage 
or zone of Ammonites fra gilis^ suhdUus, snd catomlcUus, (2) a middle zone of A, nodiger 
and A. suldypeiformis, and (3) an upper zone of Eo'plitcs riasensU, All these zones are 
so connected with each other by the presence of the same Belinmites and Aucellse (A, 
Fischeri, &c.), as to foim a natui-al group which is regarded by Prof. Pavlow as the 
marine e<piivalent of tlie Purbeck beds. It is further linked with the Lower Neocoinian 
by forms having Neocomiaii aIHuities. There is thus a marked similarity in these 
respects between it and the Speetoii series of the Yorkshire coast. ^ 

Sweden. — ^The coal-bearing Rhtetic series developed in Scania and referred to on 
p. 1098 is followed by a series of murine strata, in which a number of the ammonite- 
zones of the Lower and Middle Lias have been recognised as high as that of Amaltheus 
rrufrgm'Uatm,^ At Hdganais the lowest strata, comprising the Planorbis and Angulatus 
zones, consist of the following bands, which still show a mingling of terrestrial traces. 
At the base lie beds with Gardinia Follini, OufMeria angitstiloha, Bag&nopteris rhoifolia. 
These are overlain with a layer containing Cydas Nathorsti and insect remains. Then 
comes a bank of oysters (0. Eisingeri^ GervUlia scaniea), followed by one full of Aviculas 
[A. ineguivaUis) with Tancredia semriformis and T. armcma. The uppermost member 
of the series here represents the Buchlandi-zons^ and contains a number of' ammonites 
{A, mnzeanwi, A, scipionianuSf A. Bucklandi, A. limlcatus) with Ostrea arcuaia, 
AviciUa inequivah'iSj Pecten jcmifotnmSt &e. At KuiTemolla the Middle Lias is repre- 
sented by strata containing Uptonia Jannesoni and other fossils. Jurassic formations 
appear also on the island of Bornholm. On the island of Ando, at the north end of the 
Lofoden group, Jurassic deposits have long been recognised. They include traces of a 
terrestrial vegetation (JBaiera, Sderoptei'Ldmm, Plicenicopsis. Phius, &c.),*‘ together with 
marine shells {Gi'yplisea dilatata^ Lima dupVmta, Pccfen vaUd^is^ P, ^iumimdaris, Ancclla 
KeysevUngi^ and some undetenuined ammonites and belemnites), which perhaps 
indicate Oxfordian or higher horizons.'* 

Arctic Regions. — The Triassic series in Spitzbergen already referred to is followed by 
Jurassic strata, which appear to belong to the lower or middle part of the system. 
They have yielded Lyioceras tripartitum and a Gadoc&i'as. Prom the neighbouring 
King Charles Islands Professor Nathorst has made known the existence of representa- 
tives of the Brown Jum. The Tertiary basalts have there overflowed and preserved a 
series of Cretaceous and Jurassic strata. In the latter the Bathonian stage is believed 
to be represented by beds containing Pseiidomonotis eehmata^ and the Kellaways group 
by overlying depqsits in the lower part of which McscrocephcUites Ishmse, var. ardica, is 
found, while higher up Gadocerc^s and Belemnites siibextensus occur.® 

The presence of a Lower Oxfordian or Callovian stage in the east of Greenland, 
withiu ten degrees of the pole, has been proved by the discovery of Maeroccphalitcs 
onacrocephdlas^ Gadoceras Tdiefkini?, G, modiolaris, Belemnites Pander i, &c. Below 
this stage lies another band containing MacrocephalUes Ishmse and three species of 
belemnites, Trhieh may perhaps represent the Cornbrash. In the same gi’oup of stiuta 
a characteristically Jurassic flora is met with, including species of Phyllothcca^ 
Anomozamites^ Zamiopteris, Aspleniiim, &c.® Farther south on the Greenland coast, 

^ Pavlow, Bidl. Soc. A’ai. Moscou, 1891 ; Q. J, G, S. liL (1896), p. 542, See further on 
this subject a paper by Prof. B. Haug, “ Portlandieu, Tithonique et Volgien,” B. S. G, F. 
xxvi. (1898), p. 197. 

^ B. Lundgren, Unirersit. Aarskrift,, Lund, xxiv., 1888. J. C. Moberg, Geo^ 

Undersokn,, Stockholm, 1888. 

® Heer, ‘Flora Fossilis Arctica,’ iv. 3 (1877). 

^ B. Lundgren, Videnskabs-JSelsk. Fih'handl., Christiania, 1894, No. 6. 

® Geol F&rem. Stockholm, xxiii. (1901), p. 341. 

® Messrs. New-ton and Teall, Q, J, G. S, liii. (1897), p. 477 ; liv. (1898), p. 646. 
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Jurassic rocks have been found at Cape Stewart on Scoresb}’’ Sound (lat. 70® *25), where 
thirty-seven species have been described, ]>robably indicating a Callovian horizon.' 

America. — So far as yet known, rocks of unquestionably Jurassic age play but a 
subordinate part in N’ortli American geology. No marine Jurassic rocks have yet been 
found along the Atlantic border. Some geologists have regarded the upper part of the 
estuarine Newark series (p. 1110) as rather Jurassic than Triassic. With more palseon- 
tological force the late Professor Marsh strongly maintained that the Potomac formation, 
which has generally been placed in the Cretaceous system, should be regarded as the 
0 (j[uivalent and representative of the lacustrine Atlantosnurus beds of the intenor of 
the continent, which, on the ground of their vertebrate fauna, have been admitted to 
be Jui-assic. As has been recently shown, the so-called Potomac formation is probably 
Jurassic in its lower and Cretaceous in its upper j>ortion.‘-' 

In the centre of the continent marine fossils of Lower Jurassic age have been 
obtained in Wyoming, Dakota, and other states. Above this marine platform comes 
a series of highly-coloured clays of lacustrine origin, full of vertebmte remains, to 
which further reference will be made in the next jwiragraph. In California a repre- 
sentative of the European Lias has been found containing ammonites of the Arietites 
type. Middle Jurassic rocks appear to exist in the same State, where the upper part of 
the system is also well represented. Lower Jurassic formations extend into Oregon, and 
reappear among some of the islands within the Arctic Circle (Qrinnell, Prince Patrick, 
Bathurst). Remains of Ichtliyosaarua were brought by Sir E. Belcher from E.vmouth 
Island. Jimissic strata not only stretch along the western slopes of North America, 
but also along those of the southern half of the same vast continent. Prom Bolivia 
and Argentina representatives of the Lower and Middle formations have been announced.*' 
The clays above tlie marine platform above referred to have been studied by Professor 
Marsh, w’ho obtained a large aeries of vertebrate remains from them iu Wyoming and 
Colorado. He subdivided them into two groups (rti) the at tlio 

base, so named from the genus of large swimming reptiles entombed in them ; (&) the 
of which that gigantic deinosaur is especially characteristic. The 
discovery of so remarkable a fauna gave a wholly new interest and importance to the 
Jurassic rocks of America. Among remains of fish {Ceratodiis), tortoises, pterodactyles, 
and crocodilians, there occur the bones of herbivorous dcinosaum {AtlmUosaunis, 
Brontosaimis, Stc(fomun(>s, Monmurm^t Apatosaum'S)^ together with the carnivorous 
Creomurm and the curious ostrich -like Laosaums, With this rich and striking 
reptilian fauna are associated the remains of many genera of small mammals named by 
Marsh Allodon, Oteimcoilon, cates, Stylacodon, Aatlunnodim, Laodon, Dlplocipiodm, 
Eocodm [Enneodon], MeMcodon, Tinodon, Tricoiiodo^i, Macodon, PaurodonA 

Asia.— From Asia Minor and the basin of the Caspian the Jurassic formations are 
prolonged eastwards through Kurdistan and rei*sia to Afghanistan and India, reaj)pcar- 
ing even in Borneo and Jai>an. In Afghanistan the Triassic scries referred to on p. 1107 
is overlain with plant-bearing sandstones and volcanic bands which at their base contain 
marine fossils that have been referred to this geological system. Of the great 

On the Jurassic fauna of Cape Flora, Frauz Joseph Land, see J. P. Pom pocky in Nansen's 
‘ Norwegian North Polar Expedition,’ 1893-96, p. 147, and on the flora, Nuthorst in same 
volume, p. 26. 

' B. Luudgreu, ‘Meddelelsev om Groulaud,’ xix, (1895). 

2 Marsh, Amer, Journ. Stri. ii. (1896), p. 433 : vi. (18981 p. 106. See^os^ea, p. 1210. 
^ SteinSianu, jVet/es Jalirh,, 1884, p. 199. 0. Behreuden, Z, !)• f/. 6?. xliii. (1891), 
p. 309. The latter writer reports Lower and Middle Lias and higljer Jurassic beds from 
the eastern slopes of the Argentine Cordilleras. 

^ Marsh, Aimt, journ. Sd. xv, (1878) p. 469 ; xviil (1879) pp. 60, 216, 396 ; xx. (1880) 
p. 236 ; xxi. (1881) p. 611 ; xxxiii (1887), p. 237 ; Oeol. May. (1887) pp. 241, 289. The 
fresh-water invertebrates are described by 0. A. White, B. V.S, <L S, No. 29 (1886). 
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(Tondwaiia system of India tlie upper members have been likewise paralleled with the 
Jurassic rocks of Europe. Uncouformably above the Paiichet gi*oup (p. 1107) come the 
Rajmahal dolerites aud basalts of Bengal, with associated gi’ey and carbonaceous shales, 
sandstones, aud giits, reaching a thickness of at least 2000 feet, of which the sedi- 
mentary intercalations never exceed 100 feet in the aggi*egate. These strata have 
furnished a large number of terrestrial plants (ferns, cycads, and conifers), which are 
strongly marked olf from those in the Lower Gondwana formations, being especially 
distinguished by the great predominance of cycads, particularly of Ptilophyllum aciUi- 
folivAKi, Higher in the series are the Golapilli beds, which besides land-plants contain 
marine shells {Stepheoceras opis, Macrocephalites, Pcrim^ GemlUa^ NucuJana, Trigonia), 
Near Madias also, in the Upper Gondwana seiies, besides the land-plants, there occur 
ill- preserved ammonites and other shells. It is in Cutch, however, that marine Jurassic 
formations are best developed. In that district lies a series of strata, estimated to be 
6300 feet thick, of which the lower half consists of limestones, oolites, shales, and sand- 
stones of marine origin, while the upper half is mostly sandstone, shale, and conglomerate, 
with land-plants. This series has been subdivided into the following gi’oups in ascend- 
ing order: (1) Patcham ( = Bathonian), consisting of {a) lower yellow sandstones and 
limestones Avith Tiigonim (T. co8tata\ Corbul®, &c.; (&) light gi*ey limestones and shales 
with Qicotmustes scmger\LS. (2) Chari (=Callovian and part of Oxfoidiau), composed 
of four groups, viz.: (c) shales and calcareous bands with Macroccphalites macroccphalm, 
M. tumiduSi Splissroceras hiollatum, Oppelia subcoatcdOf Perisplimctes funatm; (rf) shales 
with Ferisphvictes obimicosta; (e) white limestones with Pcltoccras athUtat Oppclia 
hicostata; {f) oolites with Stcpheoceras Polyplieimis^ PerispJunctes indo - genmnus, 
Pdtoc&ms ardumiii&iisei &c. (8) Katrol (=part of Oxfordian and Kimeridgian) : 

ig) red feiTuginous and yellow sandstones with Steplieocevas maya^ Aspidocems 
perarmatim, Pcrisphmctes virguloides ; {h) sandstones and shales with Phylloeeras 
ptychoicum, Neimmyna tracliymta^ Pcrisphindes torquatcB, (4) Umia ( = Portland and 
Tithonian of southern Europe, and passing up into representatives of the Neocomian 
fonnations). Only the lower part of this group need here be (quoted. It consists of 
(i) sandstones and conglomerates with PerispMiides Bleichcri, P. supi'ajur&nsU^ P. 
'f^reqtic'ns, P. denseplkatus, Trigonia Smeei, T. tciUricosa. The last two fossils have 
likewise been recognised in strata overlying the Eajmahal gi’oup, and thus supply a 
link to connect the U pper Gondwana rooks with the Jinassic series of Cutch. Altogether 
177 species of cephalopods have been obtained from these Cutch deposits, of which at 
least 60 am common to the Jurassic formations of Europe. It is noticeable also that 
the European ammonite zones are repeated with remarkable similarity in this 
Indian region.^ 

Jurassic rocks are found in the west half of the Salt Range, but their sequence and 
paJfBontological relations have not been worked out. In the Himalaya chain the fossils 
of the Spiti shales have long been known, inasmuch as they had acquired a sacred 
character aud become objects of commerce.*** They indicate the presence in that region 
of Callovian and Kimeridgian horizons. The Sjnti shales have been mcognised to the 
north of the Karakoram range in one direction, and in Hazara on the other. Jui*assic 
rocks have likewise been reported from the nox*th of Nepal. Tlie Jurassic system has 
been recognised in small detached areas of Japan, and presents there both a marine and 
brackish-water type. The marine sti'ata appear to represent the lower part of the 
system or Lias, for they include species of Harpoceras, PeHsphincies, Ai'iotites, and 
JEgoceras, some of which are allied to, if not identical with, European formA together 
with Trigotiia costata and species of Cyrem, Ocrvillia, Perm, &:c. The land-plants 
(chiefly fenis and cycads) number about fifty species, nineteen of which are also found 

^ ‘Manual of the Geology of India,’ 2nd edit, chaps, vii., viii., and ix. 

2 On the Jurassic formations of the Himalayas and Central Asia, see S. Nikitin 
Jahrl., 1889, ii. p. 116. 
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in the European Lower Jurassic series, such as TJiyrso^isis mmrayana, Eicksonia 
nejphrocarpa, Aaphiiiam whithyeme^ Pecoptcris fwilis, Kilasonia orie.iitaXiSj Podommitcs 
lameolat'iis.i Gbikyo diyiUtia, Pimts NordeniskjoldL'^ 

Africa. — Jurassic rocks have been recognised in widely separated parts of this 
continent. The Lias appears in Algeria, where some of its lower beds contain Gardinia 
and Spirifervm Walcott while its higher members are better developed and have 
yielded Grammoceras radiam^ Q. toavcc'iisCi Pyllocmts IbctcropUylhini, and other forms.^ 

Bathonian formations have been noted in Abyssinia, in Somaliland, and much 
farthei* south in Cape Colony. They cross over into the west side of Madagascar. 

Australasia. — The existence of Jurassic rocks in Queenslaaid and w’estern Austi*alia 
has been demonstrated by the disco veiy of recognisable Jurassic species and others 
closely allied to known Jurassic forms. •• In Queensland above the Permo-Carboniferous 
rocks comes the Burmm foniiatioii, a great .series of coal -bearing rocks, with Spluinoptcvis, 
ThinnfeMia^ Alctliopteh'is, Tiie'^iioptarU, Podtnamiteji^ ittommites, Baicra, and a few animal 
remains, including species of Corhicida and Gaatrochscnia {Rocellaria), This group is 
followed by another sandy and conglomeratic series vuth abundant remains of land- 
jdauta and workable coals, forming the valuable Ips\vich foi*mation. From these strata 
a large flora has been collected, together with cyprids, coleoptera, and Uaw. From the 
plant-remains these two formations have been grouped as Jura-Trias.*^ Traces of Jurassic 
rocks have been found in New Caledonia and the northern end of New Guinea. 

In New Zealand a tliick series of rocks classed as Jurassic is subdivided by Sir 
J. Hector as follows : — 

Mataura series, estuarine, with terrestrial plants (8 species known). 

Putakoka series, marlstones and sainlstones passing into conglomerates, and 
enclosing plant-remains and iiTegiilar seams of coal ; marine fossils (11 species 
known) of Middle Oolite facies. 

Flag Hill series, with species of Rhynchondla, Tccehratula^ Spinferina^ &c. 

Catlin’s River and Bastion series, consisting in the np])er part of conglomerates 
and gilts, with obscure plant-remains, and in tlie lower part of sandstones. 
Fossils abundant (especially ammonites), and affording means for defining 
horizons. This division is refeired to the Lias.''*' 

A somewhat diUerent classification has been ptiblislied by Captain Hutton, who 
comprises these strata in his “Hokanui system,” which ho estimates to ho in the 
fioutlierii part of Otago between 20,000 and 25,000 feet thick, and which he subdirides 
into two sections, the lower termed the “ Wairoa series,*’ regarded by him as Triassic, 
and the “Mataura series ” above, paralleled by liini wdth the Jurassic fomiations of other 
counti’ios. TeiTesti'ial plants are found all through the system, and in the upper part 
thin seams of coal often occur, the most characteristic plants being species of Ptevo- 
jihyUimf PodommUes, ThimifehUa, Tmioptcria, and Polypotlinnu The AVairoa sei’ies 
yields Moowtis scdim.ria^ llaloHa Lomelli^ Mytilm pvQ})lPM(ti,km^ and SpiHycra Wreyif 
&c. ; while the Mataura series is characterised by Ammonitca novo-zdandicxhSi Belem’ 
nttes aiiMamdicm, B. Eoc7iatettci% B. cailinnms, Jnocpmmm Eaasti, Ancella- plicaia,^ 

m 

Seetion iii. Cretaceous. 

The next great series of geological formations received the name of 
Cretaceous from the fact that, in north-western Europe, one of its most 

' ‘Outlines of the Geology of Japan,’ by Imp. Geol. Surv., Tokyo, 1900, p, 62. 

Fieffour, B. S, G. F, (3) xxiv. p. 1142. 

Moore, Q, J, G. S. xxvi. 261. W. B. Clarke, u}). ciL xxiii. 7. R. Etheridge, jun., 
‘ Catalogue of Australian Fossils,’ 1878, 

Jack and Etheridge, ‘GeologyandPalseoutology of Queensland’ (1892), chaps. xxiii.-xxx. 

® Hector’s ‘Handbook of New Zealand,’ p, 31. 

^ Q. .7. G. aS,, 1886, p. 202 ; TVawj, Xew Ecidmid I/tsf, xxxii. (1899) p. 165. 
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important members is a thick band of white chalk (a'cta). It presents 
very considerable lithological and 2)al8eontologieal differences as it is 
traced over the world. In particular, the white chalk is almost wholly 
confined to the Anglo-Parisian basin where the system was first studied. 
Probably no contemporaneous group of rocks presents more remarkable 
local differences than the Cretaceous system of Europe. These differences 
are the records of an increasing diversity of geogi'aphical conditions in 
the history of the Continent. ^ 

§ 1 . General Characters. 

Eocks.^ — III the European area, as ^nll be afterwards pointed out 
in more detail, two tolerably distinct areas of deposit can be recognised, 
each with its own character of sedimentary accumulations, as in the 
case of the Jurassic system already described. The northern tract 
includes Britain, the lowlands of central Europe southwards into Silesia, 
Bohemia, and round the Ardennes into the basin of the Seine. The 
southern region embraces the centre and south of France, the range of 
the Alps, and the basin of the Mediterranean eastwards into Asia. In 
the northern area, which appears to have been a basin in great measure 
shut off from free communication with the Atlantic, the deposits are 
largely of a littoral or shallow-water kind. The basement beds, usually 
sands or sandstones, sometimes conglomerates, are to a marked extent 
glauconitic (greensand). The marked diffusion of glauconite, both in 
the sandstones and marls, is one of the distinctive characters of this 
series of rocks. Another feature is the abundance of soluble silica 
(sponge-spicules), more particularly in the formation called the Upper 
Greensand, and in the Lower Chalk of many parts of the south and 
south-east of England and the north of France. In Saxony and Bohemia, 
the Cretaceous system consists chiefly of massive sandstones, which 
appear to have accumulated in a gulf along the southern margin of 
the northern basin. Considerable bands of clay, occurring on different 
platforms among the European Cretaceous rocks, are often charged 
with fossils, sometimes so well preserved that the pearly nacre of the 
shells remains, in other cases encrusted or replaced by marcasite. 
Alternations of soft sands, clays, and shales, usually more or less 
glauconitic, are of frequent occurrence in the lower parts of the 
system (Neocomian and older Cenomanian), The calcareous strata 
assume sometimes the form of soft marls, which pass into glauconitic 
clays, on the one hand, and into white chalk on the other. The 
white chalk itself is a pulverulent limestone, mainly composed of 
fragmentary shells and foraminifera.- Its upper part shows layers 

^ The most detailed information regarding the mineralogical and chemical composition 
of the rocks of this system will be found in Cayenx’s monograi)h cited on p. 106. See also an 
essay by Dr. W. F. Hume, “Chemical and Micro-mineralogical Researches on the Upper 
Cretaceous Zones of the South of England,” London, 1893. 

® For a comparison of chalk with modem globigerina-ooTA, see Cayeux, as above cited, 
p. 490. 
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of flints, which are irregular lumps of dark- coloured, somewhat 
impure chalcedony, disposed for the most part along the planes 
of bedding, but sometimes in strings and veins across them. The 
flints frequently enclose silicified fossils, especially sponges, urchins, 
brachiopods, &c.^ (see pp. 179, 625, 831). The chalk, in some places, 
becomes a hard dull limestone, breaking with a splintery fracture. 
Nodular phosphate of lime or phosphatic chalk, occurring on different 
horizons in the system, is extensively worked as a source of artificial 
manure in the Upper Chalk of Belgium.^ It has been found also in 
the north of France, and at Taplow, near Maidenhead, in England.® 
The chalk of Britain and the north of France not infrequently contains 
pebbles and even boulders of granite, quartzite, sandstone, coal, or other 
foreign rocks. Various explanations have been proposed to account for 
these transported materials. On the whole, it seems most probable that, 
as in the case of the boulders in the Coal-measures (p. 1016), they were 
originally entangled among the roots of trees which, being swept down by 
floods, floated out to sea and dropped their freight of soil and stones to 
the bottom.*^ 

The terrestrial vegetation of the period has in different places 
been aggregated into l^eds of coal. These occur in north-western 
Germany among the Wealden deposits, where they are mined for use ; 
also to a trifling extent in the Wealden series of England; they are 
likewise found in the Cenomanian series of Saxony and the Senonian 
of Magdeburg. The upper Cretaceous (Laramie) rocks of the Western 
Territories of the United States consist hugely of sandstones and 
conglomerates, among ■which are numerous important seams of coal. 
Beds of concretionary brown iron-ore are present in the Cretaceous 
series of Hanover, and similar deposits were once worked in the 
English Wealden series. In the southern European basin, where 
the conditions of deposit appear to have been more those of an 
open sea freely communicating with the Atlantic, the most noticeable 
feature is the massiveness, compactness, and persistence of the 
limestones over a vast area. These rocks, often crowded with 
hippuritids, from their extent and organic contents, indicate that, 
during Cretaceous times, the Atlantic stretched across the south of 
Europe and north of Africa, far into the heart of Asia, and may 
not impossibly have been connected across the north of India with 
the Indian Ocean. 

Life. — The Cretaceous system, both in Europe and North America, 
presents successive platfoims on which the land- vegetation of the 
period has been preserved, though most of the strata contain only 
marine organisms. This terrestrial flora possesses a great interest, 

^ See W, J. Solla«, Ann. Mag, JYat, Hist, vi. (1880), p. 487. 

® Comet, Q, J, O. S. xlii. p. 825. Renard et Comet, BulL Acad, Rog, Bclg, xxi. (1891) 
p. 126. For a recent contribution on this subject, sec J. Gosselet, Ann, Soc, JYord, 
XXX. (1901) p. 208. 

» A. Strahau, Q, J, Q. S, xlvii. (1891) p. 866. 

^ For the literature of this subject see M, Cayeux's work above cited, p. 418. 
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for it includes the earliest known progenitors of the abundant 
dicotyledonous angiospeims of the present day. In Europe during 
the earlier part of the Cretaceous period, it appears to have closely 
resembled the vegetation of the previous ages, for the same genera 
of ferns, cycads, and conifers, which formed the Jurassic woodlands, 
are found in the rocks. Yet that angiosperms must have already 
existed is made certain by the sudden appearance of numerous fonns 
of that class, at the base of the Upper Cretaceous formations in Saxony 
and Bohemia, whence forms of Acer, Alnus, Gredmna, Balir, and other 
dicotyledons have been obtained. Similar e\ddence of the appearance 






' Fig. 44G,-~Ci*etaceous Plants. 

t', Quercus riuklaiiti (g); m.ii’:’ sezannense (f) ; <*, Fieus ataviim (g) ; Sassafras 

recurvaia (ij) ; v, Jnglaus arctiua (J). 


of Quercus, Sassafras, Flatamis,' and many other dicotyledons, in the 
midst of abundant ferns and cycads, has been obtained from the Lower 
Cretaceous series of the Spanish peninsula and the United States. Still 
more varied and abundant is the flora preserved in the Upper Cretaceous 
formations in Westphalia, from which many species of dicotyledonous 
plants have been obtained, belonging to the genera PopuLus, Mijrica, Quemis, 
Fkns, Orednenia, Vihmmm, Eiwalyphis, ifcc., besides algae, ferns, cycads, 
conifers, and various monocotyledons (Fig. 446).^ Another rich Cretaceous 

^ Hosius and Von der Marck, “Die Flora der Westfalischen Kreideformation,'* 
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flora, found in the corresponding beds at Aix-la-Chapelle, includes numerous 
ferns (Gldchenia, Lygodium, Daimites^ Asplenium, Ptmdoleimim), conifers 
angiospermSjCWiTiteji^vvAv^// /////////. 

Ficus, Lauroi)liyllnm, and three or four kinds of screw-pine {Pandanusy^ 
The prevalent forms which ^ve so modern an aspect to this flora, and 
which occur also in Westphalia, have been regarded by some botanists as 
Proteacese, and have even been referred to genera still living in Australia 
or at the Cape of G-ood Hope. The climate of Europe, at the close of 
the Cretaceous period, was doubtless greatly warmer than that which 
now prevails, and nourished a vegetation like that of some parts of 
Australia or the Cape. Further information has been afforded regarding 
the extension of this flora by the discovery in North Greenland of a 
remarkable series of fossil-plants, of which Heer described nearly 200 
species, including more than 40 kinds of ferns, with club-mosses, horsetail 
reeds, cycads (Oycas, Podoza mites, Otosamites, Zumites), ginkgoaceee (Ginkgo, 
Baiera), conifers (Jimiperiis, Thiiyites, Seguoia, Dammam, Pinus, &c.), 
monocotyledons (Arundo, Potamogeton, See,), and many dicotyledons, 
including forms of poplar, myrica, oak, fig, walnut, plane, sassafras, laurel, 
cinnamon, ivy, aralia, dogwood, magnolia, eucalyptus, ilex, buckthorn, 
cassia, and others.'^ 

In North America, also, abundant remains of a similar vegetation 
have been obtained from the Potomac formation and the Cretaceous 
rocks of the West. The Laramie group of stratti in particular has 
yielded a remarkably large and varied flora. Out of more than 100 
species of dicotyledonous angiosperms there found, half are related to 
still living American trees. Among them are species of oak, willow, 
beech, plane, poplar, maple, hickory, fig, tulip-tree, sassafras, laurel, 
cinnamon, buckthorn, together with ferns, American palms (sabal, 
Flabellariu), conifers, and cycads.*^* The Potomac formation of Virginia 
and Maryland has a special interest from its age. It is referred with 
some probability to the Neocomian period, and it had, up to the year 
1895, yielded about 198 genera and 737 species of plants. These included 
31 genera of ferns, 14 of cycads, 34 of conifers, and 8 of monocotyledons. 
But besides this assemblage, which is distinctly Mesozoic in character, 
the deposits have furnished no fewer than 92 genera and 330 species 
of dicotyledons. Of these higher forms of vegetation the more peculiar 
seem to be what are known as “ generalised types,” indicating the great 
antiquity of the floi'a. But among the genera there are found Aralia, 
Cimmwmmi, Ficus, Hedeia, Ilex, Juglam, Jmipa'us, Lam-us, Magnolkf 
(5 species), Myrica, Platams, Qiiercus, BJuimnus, Sdix, Sassafras, Vihui'nuw.^ 

F(UaBuntoffmphica, sxvi. (1880) p. 126. The total flora described by these observers is. 
made up of 85 species from the Upper aud 20 species from the Lo\ver Cretaceous beds. 

^ Debey aud Ettiugshauseu, JJe^nlcsdi, AhuL Wlsn, xvi. (1869), xviL (1860). T. Laug, 
Z. D, 1890, p. 658. H. von Decheu, as cited postea, p. 1204. 

2 * Flora Fossilis Arctica,’ vols. vi. aud vii. (1882-88). 

For a synopsis of the Laramie flora see L. F. Ward, 6th A7in, Rep, XJ,S, O, S, 1885 ; 
see also Newberry, Monograpili xxxv. U',S, O, S, (1898). 

* W. M. Foutaiue, ‘The Potomac or Youuger Mesozoic Flora,’ Mmiog, xv. U,S, (L K 
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The kno\\m Cretaceous fauna is tolerably extensive. Foraminifera 
now reached an importance as rock-builders which they had never before 



Fig. 447. — Cretaceous Foramiuifeni. 

a, Gaudryiua pupoides, I)’ Orb. ; Globigerina ci*etacea, U’Orb. ; r, Cristellaria 
rotulata, D’Orb. (all niagnilled). 


attained. Their remains are abundant in the white chalk of the northern 
European basin, and some of the hard limestones of the southern basin 

are mainly composed of their aggregated 
shells. The glauconite grains of many of 
the greenish strata are the internal casts of 
foraminiferous shells (see pp. 181, 627). 
Some of the more frequent genera are Alveo- 
Una, Ammocliscus, Bulimkm, Calcarim, Cristel 
lam., DiscmUna, Gloliffenna, Lagena, Margin- 
ulvmt, Orbiioliiia, Pnli/nn/rjihimf, liotdia, and 
Textuhiia (Fig. 447).^ Eadiolaria have been 
found abundantly in some parts of the 
system, but their skeletons appear to be 
liable to alteration when entombed in a silt 
of mixed siliceous and calcareous composi- 
tion, which may account for their dis- 
appearance from strata in which they 

Pig. 448.— Cretaceoua Sponges. might have been expected to 0CCU1\2 

«, siphoniatuiipa,zitt. (i); b.veiitn- Representatives of the Liosphserids, Astro- 

spli8erids,Staurospli8erids, Discoids, Cyrtoids, 
and Stephoids have been detected in the 
English Cretaceous series.^ Calcareous Sponges are of frequent 
occuiTence, as in the genera Pet'midelld, Oot'ynella, Bairokia, while 
siliceous forms must have swarmed on the floor of the Cretaceous 
seas, for their siliceous spicules are abundant, entire individuals are not 
uncommon, and they appear to have mainly contributed to the formation 

<1889) ; L. F. Wai-d, Itth Ann. Pej). U.K a. (1895), pp. 386-393. See also 0. 
Feistmantel, K 1). G. <i. 1888, p. 27. 

^ For a catalogue of Cretaceous foraniiuifera see T. Eupert Joues, Gad. May. 1900, p, 
225; alsoF. Chapman, Q. J. (J. S. I. (1894), p, 726. The foraminifera of the Aix-lf?-Ohapelle 
Chalk are descrihed by J. Beissel, Abhandl. Prams. Ueol. Landasanst. Neue Folg. Heft 3. 

. 2 w. Hill and A. J. Jukes-Browne, q. J. (S. H. li (1895) p. 600. 

2 Mr. W. M. Holmes has described 20 genera and 41 species from the Upper Chalk of 
Ooulsdon, Surrey, q. J. G. K Ivi. (1900) p. 694. See also the work of M. Cayeu.x. 
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of the important accumulations of flint and chert.^ Characteristic siliceous 
genera (Fig. 448) are Siphonia, Oculoptycliium, Coscinopora, Ventnmlites, 
Cephalites, and Plocoscyphia and Stauronema. Undoubtedly sponges, as 
well as radiolaria, secreted an enormous quantity of silica from the water 
of the Cretaceous sea, and though the flints are certainly not due merely 
to the direct action of these organisms alone, amorjDhous silica may have 
been aggregated by a process of chemical elimination round dead sponges 
or other organisms (p. 625). Mollusks and urchins have been completely 
silicified in the Chalk. 

On the whole, Corals are not abimdant in Cretaceous deposits. 
They seem to have been chiefly solitary forms, though in the Maestricht 
beds of Denmark, the Faxoe coral - limestone, the Neocomian and 



Eig. 440.— Upper OretiiceouH BchiiioidH. 

a, Galerites (Bchiiioconus) couicus, X^r<iy.(=(5aleritOHalbo-giileruH, Ijtun.)(3); h, Auanchytes 
ovtttus (=Ecliinocory« vulwatUH, Lortke) (J) ; e, Mlcraster cor-angulnuni, Klein (i). 


Turonian series of France, the Turoiiian I'ocks of the Alps and 
Pyrenees, time reefs have been met with, and the corals of Gosau are 
well known. Some of the more characteristic genera are Trocliocyathu% 
CoryophuUnt, Trochosmiliit, Parcismilia, Mioi'obacia, Gyclolite.% and Hoheydis. 
Sea-urchins are conspicuous among the fossils of the Cretaceous system. 
A few of their genera are also Jurassic, while a not inconsiderable 
number still live in the present ocean. One of the most striking results 
of modern deep-sea dredging is the discovery of so many genera of 
echinoids, either identical with, or very nearly resembling, those of the 

1 See on Sponge spicules, papers by Professor Sollas, Ann. Mag, XaU UUi, ser. 5, vi. 
and memeixs by Dr. G. J. Hinde, ‘Fossil Sponge Spicules,' Munich, 1880 ; ‘Cat. of Fossil 
Sponges, British Museum,’ 1883 ; Phil, Trans, vol. olxxvi p. 403, 1886; ‘British Fossil 
Sponges,’ Pal, Soc, vol. xL xli. 1887-88. The sponge spicules of the Upper Cretaceous 
rocks are very generally in the condition of amorphous or colloid silica ; tiiose of the Lower 
Cretaceous are frequently of crystaUine silica. 
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Cretaceous period, and having thus an unexpectedly antique character.^ 
Some of the most abundant and typical Cretaceous genera (Fig. 449) are 
Cidaris, Orthocidaris, Salenia, Hemicidaris, Fsmd^iademi, thjphosmna, 
Echinoci/phus^Conoclypeus, Echinocyamus^ Galerites {Echinoco7ius),An&rthopygus, 
Collyrites, Ammchyies (Echinoeoi'j/s), Eclmwspatagiis (I'oxaster), Eolaster, 
Mimisfer, Eemiaster, EemipTieiistes^ Oardiaster, Pygunis, Echmoh'isms 
(NucleoIifes\ iJiscoidea, Phymosaina (Cyphosoma). The Grinoids continue to 
be represented in the Cretaceous system, of which Marmpites, Umtacrinus^ 
Fhyllommis, and Bourgueticrinm are characteristic. Star-fishes arc 
common on some horizons, particularly species of Callidewm, Fentagomde)', 
and other genera.^ 

Polyzoa abound in some parts of the system, especially in the upper 
fonnations, from which D’Orbigny described no fewer than 850 species. 



Fig. 450.— Cretaceous Bracliiopods. 

a, Terebratula camea, Sow. (§) ; 6, Lyra (Terebrirostra) lyxa, Sow', (g) ; c, BhjTiclioueUa 
Ijlicatilirt, var. octoplicata, Sow., (3). 

Some of the more frequent genera are Cellaria, Oioyrluh'dlo, Memhranipoj'a, 
Micropora, Sfomafop&i'a^Frobosdna, Berenicea, Crisiom, and Entalophm'a.^ The 
Brachiopods (Fig. 450) are abundantly represented by Ehynchonellids and 
Terebratulids, characteristic types being species of Ehynchondla, Feregi'in- 
ella^ Terehratula, Maga<s^ Terebratella, Kingena, Lyra {Tereh'i- 

rostra), Trigonosemus {Fissirostra), besides representatives of the ancient 
Lingulids, Discinacea, Craniacea, and Thecidiidse. 

Among the most abundant genera of Lamellibranchs ^ (Fig. 454) are 

^ A. Agassiz, “Report on Echinoidea,” Challenger Esqpeditiou, vol. iii. p. 25. Dr. A. 
W. Rowe has shown the great value of the genus Micraater for purposes of zonal arrange- 
ment in the Chalk, Q. J. il. S. Iv. (1899) p. 494. 

2 The regular echiuids of the Chalk as found in North Germany are described by C. 
Schliiter, Ahlutndl, Prems, GeoL LandesansU Neue Folg. Heft 5. The C’retaceous 
Asteroidea are described by W. P. Sladeu in the volumes of the Palseontograph. Soc. 1891- 
1898. 

® See J. W. Gregorj’, ‘ Catalogue of Fossil Brj'ozoa in the British Museum : The Creta- 
ceous Bryozoa,’ 1899. 

* An important contribution to this part of the paleontology of the system is the mono- 
graph by Mr. H. Woods, ‘The Cretaceous Lamellibranchs of England,’ Palcemitograph, Soc, 
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Inocemmus, Gervillicf, AiLcelh, Exogyra, Chlamj/s, Ostrea, Spondylus, Lima, 



Fig. 461.~GretaccouH Laniollibninchs, 

<£, Exogyra coluinba, Lam. (i) ; 7/, Oistrea veslcnlaris, Ijam. (i) ; Ostwa (A.lot*.tryonia) cuirinata, 
Ijaiii. (i) ; <?, Spoudylufl spinosus, DohIi. (§) ; /», Inoceiamiw Cuviori, Sow. (young’apoc.) (i). 




a h 

Fig. 452 .>-CrQtaceoii 8 Iamolllbraxicli». 

a, Hlp^mrltes (Batolites) orgauisanH, Beam, (nat; aize) ; h, Eoquieiila ammonia, D’Orb. (J). 


Plicatula, Pecten, P&ma, Modiola, Tngmia, Isocardia, Gnrdium, Vmm, and 

1899-1902. The bivalves and gasteropoda of the German and Dutdi Neocomian rocks are 
described in Heft 31, Neue Folge, of the AhJiandL Prems. OeoL LaridesansL 

VOL. II ' 2 H 
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Exogt/ra are specially cliaracteristic, but still more so are tbe families of 
Monopleurids, Caprinids, Radiolitids, and Hippuritids. These singular 
forms are entirely confined to the Cretaceous system : their most common 
genera (Fig. 452 ) being Monoplmra, Caprina, Capimila, Capvima, 
Eadiolites, Splismilites^ and Sippurites, to which may be added the diceratid 
genus Bequienia so characteristic of the Lower Cretaceous formations of 



a, Turrilites costatus, Lam. (^) ; h, Crioceras BmoricI, Lev. (i) ; c, BacuUtes auceps, Lam. (i) ; 
d, Acanthoceros rotliomugense, Brong. (i) ; c, Sclilcenbacliia various, Sow. (3). 


Southern Europe.^ Hence, according to present knowledge, the occuiTonce 
of these families in a limestone suffices to indicate the Cretaceous age of 
the rock. The Gasteropods are represented by the genera Plewrotomariay 
Emarginula, Soldriuirt-, 'Tw'Ijo, Trocibus, iJejanira^ Glauconia, fie/tithium, 

ApmrhaiSi Strorribits, PmdoUva, Pusm, Easdolaria^ Fohitilithes^ Olivet^ Pleur(h 
toma, Conubs, Actseonella, Amllaua, and many more. 

1 For a study of the Rudistes, see the Memoir by H. Douville, Mim. Soc. OSd. France 
(3), i. (1890) ; ii. (1892). 
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Cephalopods (Figs. 4r)3-455)[arQ abundant in the Anglo-Parisian basin 
and tlience eastwards, but are comparatively infrequent in the south 
European Cretaceous area. To the geologist, they have a value similar 
to those of the Jurassic system, as distinct species are believed to be 
restricted in their range to particular horizons, which have by their means 




tt d 

liMg. 454.— Cretaceous Ooplialopods. 

a, Aucylocei’as matlieroniaiium, D*Orb. (i) ; J), Hamites attenuatus, Sow. Q ) ; 
i‘, HamltoB bituberonlatus, D’Orb. ; Scapbites {cqualis, Sow. 


been identified from district to district. To the student of the history 
of life, they have a special interest, as they include the last of the great 
Mesozoic tribes of the Ammonites and Belemnites. These organisms 
continue abundant up to the top of the Cretaceous system, and then 
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disappear from the European geological record.^ Cephalopodous life, 
though manifestly on the decline, was still displayed in many varied 
types in the Cretaceous seas. It included some old Ammonite genera 
such as Phylloceras and «omc of which had continued from older 

Jurassic time. A iojimU’c in the Cretaceous types is the 

number of uncoiled or irregularly coiled forms which now make their 
appearance. These singular shapes are regarded by some naturalists as 
evidences of degeneration, due perhaps to some widespread geographical 
conditions unfavourable to the further advance of ammonoid development, 
by other writers as indications of the senility of the race. They are not 
made the basis of classification, which is now founded mainly on the 
peculiarities of the sutures and saddles. The same family may thus 
include ordinary coiled and uncoiled or even straight forms, and the same 




Fig. 406.— Upper Oretaceoxis Cephalopoda. 

a, Actinocaiiiax plenus (formerly Belenmitella plena), Blainv. (i-) ; 0, Belemnltolla inucronata, 
Scliloth. (i) ; c, Nautilus danicus, Schlotli. (i). 


shell may be a normal ammonite in its earlier life and more or less 
completely uncoiled in its later stages. Some of these curious aberrations 
from the normal ammonoid type are represented in Figs. 453 and 454. 
Characteristic and peculiar Cretaceous Tetrabranchiates are Tetragmites^ 
Sca^hiteSy Ptychoceras, Maaroscaphites, Baculites, Eoplites, SplienodiBou^^ 
Placenticeras, Brnmllekera^, Acanthoceras, JSamites, Anisoceras, Tmilites, 
A'ticyloceraSy Crioceras, Mammites, P&rmiceras, * Prionotropis, Schlcenhachia, 

^ No abrupt disappearance of a whole widely-diffused fauna probably ever took place. 
The cessation of Ammonites with the Cretaceous system in Europe can only mean that in this 
area there intervened between the deposition of the Cretaceous and Tertiary qjt;rata a long 
interval, marked by such physical revolutions as to extirpate Ammonites from that region. 
That the tribe continued elsewhere to live on into Tertiary time appears to be proved by the 
occurrence of some Ammonite remains in the oldest Teiiiiary beds of California. A. Heilprin, 
* Contributions tb the Tertiary Geology and Palteontology of the United States,* Philadelphia, 
1884, p. 102. 
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Tissotid. The dibranchiate Oephalopods are represented by species of 
Belemnites, Belemnitella, Actinocamax (Upper Cretaceous), Belem'iwteuthis, 
and Actinosqna. 

Vertebrate remains have been obtained in some number from the 
Cretaceous rocks. Pish are represented by scattered teeth, scales, or 
bones, sometimes by more entire skeletons. Among the Elasmobranch 
genera are Ptychodus, Hybodns^ Aoi'odiis, Lamiia, Oxyrhina^ and Hemipistis. 
The ganoids include Macropoma, PJiolidunis, Cfyrodus, Lepidotv.^, Amiopsis, 
and others. But the most notable aspect of the fish fauna of the 
Cretaceous seas was the marked predominance of forms that possessed 
a completely ossified internal skeleton. These types, the ancestors of the 
ordinary teleostean tribes of the present day, began their existence in the 
Liassic period, perhaps even earlier. The most important primitive 
families among them were the Elopidse {Elopopsis^ Osmeroides, Pachyi'kkodus) 
and the Ichthyodectidse, represented by the genera Ichthyodedes, Porthem^ 
Gladocydus, Smirodon, and others. Among the modern families which can 



Fig. 4.'i0. — Onitacoous Fish. 
Hoplopteryx lowesieiiwls (J). 


be traced back into the Cretaceous period are those of the herrings or 
Clupeidse {DiphmydiJiM), the eels or Murfenidse (Urenchelys), the sea-breams 
or Sparidse, and the Berycidse, which appear in a number of genera 
(Sph&nocephaluSi Acrogaster, Pycnosterim, Hoplopteryx, Fig. 456, Homonotus), 
Other types are Platycor'nvus, Beryccpsis, Aipichthys, diriolichthys, Enchodus?- 
Reptilian life has not been so abundantly preserved in the Cretaceous 
as in the Jurassic system, nor are the forms so varied. In the European 
area the remains of Chelonians of several genera {Ghelone, Rhinochelys) 
have been recovered. The last of the tribe of deinosaurs died out 
towards the close of the Cretaceous period. Among the Cretaceous 
forms of this order are the Megolosaums and Omitlvopsis, which survived 
from Jurassic time ; other genera are Acmthoplwlis, HyUeoscmnis, Hypsilo- 
phodon, Polacantlm, Titanosawnis, Fectisauriis, Igmnodon, is the most 
familiar type among them (Fig. 457), some of its teeth' and bones having 
been first found many years ago in the Wealden series of Sussex, while in 

^ A. S. Woodward’s ‘Catalogue of Fossil Fishes* (British Museum), Part IV. 1901. 
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recent years, almost entire skeletons have been disinterred from the ancient 
alluvium filling up ravines or valleys of the Cretaceous period in Belgium. 



Its osteology is accordingly now well known. Like other deinosaurs, 
it had many affinities with birds. Palseontologists have differed in opinion 
as to whether it walked on all fours or erect. M.. Dollo, who has had 
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the advantage of working out the structure of the wonderfully perfect 
Belgian specimens, believes that the animal moved on its hind legs, which 
are disproportionately longer than the fore ones. Its powerful tail 
obviously served as an organ of propulsion in the water, and likewise to 
balance the creature as it walked. Its strange fore-limbs, armed with 
spurs on the digits, doubtless enabled it to defend itself from its car- 
nivorous congeners ; it was itself herbivorous.^ Among Cretaceous rocks 
the order of Squamata (lizards) is represented by Gmiiosam'us, Eolichosaurus, 
and LeiodoiL The gigantic Mosasaurus, placed among lacertilians by Owen, 
but among “ pythonomorphs ” by Cope, is estimated to have had a length 
of 75 feet, and was furnished with fin-like paddles, by which it moved 
through the water. True crocodiles frequented the rivers of the period, 
for the remains of several genera have been recognised (Goniopholis, Pholido- 
sauriis, TIeterosuchus, SucJwsaw'us). The ichthyosaurs, represented by 
Ichthyosaurus, and plesiosaui's {Cimoliosaurus, Polyptychodon) were still to be 
seen in the Cretaceous seas of Europe. The pterosaurs likewise con- 
tinued to be inhabitants of the land, for the bones of several species of 
pterodactyle have been found (Ornithocheii-us, Pteranodon). These remains 
are usually met with in scattered bones, only found at rare intervals and 
wide apart. In a few places, however, reptilian remains have been dis- 
interred in such numlDors from local deposits as to show how much more 
knowledge may yet be acquired from the fortunate discovery of other 
similar accumulations. One of the most remarkable of these exceptional 
deposits is the hard clay above referred to as filling up some deep valley- 
shaped depressions in the Carboniferous rocks near Bernissart in Belgium, 
and which has been unexpectedly encountered at a depth of more than 
1000 feet below the surface in mining for coal. These precipitous defiles 
were evidently valleys in Cretaceous times, in which fine silt accumulated, 
and wherein carcases of the reptiles of the time were quietly covered up 
and preserved, together with remains of the river chelonians and fishes, 
as well as of the ferns that grow on the cliffs overhead. These deposits 
have remained undisturbed under the deep cover of later rocks.^ Again, 
from the so-called “ Cambridge Greensand ” — a bed about 1 foot thick 
lying at the base of the Chalk of Cambridge, and largely worked for the 
phosphate of lime which is supplied by phosploatic nodules and phosphated 
fossils — there have been exhumed the remains of several chelonians, the 
great deinosaur Acanthqpholis, several species of Plesiosaurs (Cimoliosaurus, 
Polyptychodoii), 5 or 6 species of IcMhyosanms, 10 species of Ornithoclmrus 
— from the size of a pigeon upwards, one of them having a spread of 
wing amounting to 25 feet, — a crocodilian, and some others. From the 
same limited horizon also the bones of at least two species of birds 
(Enaliornk) have been obtained. 

The most astonishing additions to our knowledge of ancient 
reptiliaif life have been made from the Cretaceous rocks of western 

^ Manteirs * lUustrations of the Geology of Sussex,’ 1827. Dollo, JBuU. Mus. Roy, 
Belgiquie, ii. (1888). Ann, ScL QSol. xvi. (1888) No. 6. 

2 E. Dupont, Bull Acad. Roy. Bdg. 2^ 8«v. xlvi. (1878) p. 387. E. Van den Broeck, 
Soc. Bdg. &kil. 1898, aniXpostea, p. 1198.' 
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North America, chiefly by Professors Leidy, Marsh, and Cope.^ Accord- 
ing to an enumeration made some years ago by Cope, hut which is 
now below the truth, there were known 18 species of deinosaurs, 4 
pterosaurs, 14 crocodilians, 13 sauropterygians or sea - saurians, 48 
testudinates (turtles, &c.), and 50 pythonomorphs or sea-serpents. One 
of the most extraordinary of reptilian types was the Elamosamiis — a 
huge snake-like form 40 feet long, with shm arrow-shaped head on a 
swan-like neck rising 20 feet out of the , water. This formidable sea- 
monster “probably often swam many feet below the surface, raising 
the head to the distant air for a breath, then withdrawing it and explor- 
ing the depths 40 feet below without altering the position of its body. 
It must have wandered far from land, and that many kinds of fishes 
formed its food is shown by the teeth and scales found in the position of 
its stomach ” (Cope). The real rulers of the American Cretaceous 
waters were the pythonomorphic saurians or sea-serpents, in which 
group Cope includes forms like MosasaumSy whereof more than 40 species 
have been discovered. Some of them attained a length of 75 feet or 
more. They possessed a remarkable elongation of form, particularly in 
the tail j their heads were large, flat, and conic, with eyes directed partly 
upwards. They swam by means of two pairs of paddles, like the 
flippers of the whale, and the eel-like strokes of their flattened tail. 
Like snakes, they had four rows of formidable teeth on the roof of the 
mouth, which served as weapons for seizing their prey. But the most 
remarkable feature in these creatures was the unique arrrangement for 
permitting them to swallow their prey entire, in the manner of snakes. 
Each half of the lower jaw was articulated at a point nearly midway 
between the ear and the chin, so as greatly to widen the space between 
the jaws, and the throat must, consequently, have been loose and baggy 
like a pelican’s. The deinosaurs were likemse well represented on the 
shores of the American waters. Among the known forms are IVacJmion 
{Eadrosawiis), a kangaroo-like creature resembling the Iguanodm^ and 
about 28 feet long; Didonius, a closely allied, perhaps identical, form 
with a bird-like head and spatulate beak, probably frequenting the lakes 
and wading there for succulent vegetable food, interesting from its 
occurrence in the Laramie group of beds at the very close of the 
Cretaceous series; and Lsdaps, which probably also walked erect, and 
resembled the Megalosaurvs. Still more gigantic was the allied Ornitho- 
tarsus, which is supposed to have had a length of 35 feet. There were 
also in later Cretaceous time strange homed deinosaurs such as 
Ger<U(yps which, attaining a length of 25 or 30 feet, had a massive body, 
a pair of large and powerful horns, and a peculiar dermal armour. 
Akin to it were various deinosam's united in the genus Trices'atops, so 
named from the third rhinoceros-like nasal horn. S^ome of their skulls 
exceeded 6 feet in length, exclusive of the horny beak, and f feet in 

^ Leidy, Smithson, Cmitfnb, 1865, No. 192 ; Bsp, U,S, Geol, and Qeogiuph. S'^vniey qf 
Territories, voL i. (1873). Cope, Rejp, U.8, Geol, and Geograph, Survey of Territories, 
vol. ii. (1876) ; A'insr, Natwredist, 1878 et seq. Marsh, Awer, Jemn, Scie^ice, numerous 
papers in 8rd series, vols. i. -Iv. 
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width, with hom- cores about 3 feet long. fJlaosaum was another 
gigantic deinosaur not unlike the Igrimodon^ with remarkably small 
fore-limbs compared with the massive hind legs.^ Pterosaurs have like- 



Fig. 4i5H.—Orptac*80U8 JMrfl.*-* 

HosptTOWiiH wgaliH, Murnli (^a). ♦ 

wise been obtained characterised by an absence of teeth {Pt&ranodon\ 
and some of which had a spread of wing of 20 to 25 feet.^ Among the 

. 1 Mar^ on Cretaceoua Doinosanrs, op. eit. xxivi, (1888) xxxviiL x.xxis. xli. xlii. 
xliv. xlv. (1898). In thoHe papers some restorations of tlie extinct creatures are attempte<l. 

® The figure of this restoration and that in Fig. 469 were supplied to tlie author hy the 
late Professor Marsh. 

® Marsh, on American Cretaceous Pterodactyles, Amr. /mm. Sci i. (1871) iii. xi. 
xii. xxl xxvil (1884). 
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Chelonians one gigantic species is supposed to have measured upwards of 
1 5 feet between the tips of the flippers. 

The remains of birds have been met with both in Europe and in 
America among Cretaceous rocks. From the Cambridge Greensand, as 
above noticed, bones of at least two species, referred to the genus Enaliornis, 



Fig. 459.—CretaceouB Binl. 
Ichthyornis victor, IVlarsh (i). 


have been obtained. These creatures are regarded by Professor Seeley 
as having osteological characters that place them with the* existing 
natatorial birds.^ From the American Cretaceous rocks nine genera and 
twenty species, represented by the remains of about 120 individuals, 
have been obtained. Among these by far the most remarkable are the 
1 Q. J. G. S, 1876, p. 496. 
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Odontornitlies, or toothed birds, from the Cretaceous beds of Kansas. 
Professor Marsh, who described these wonderfully preserved forms, 
pointed out the interesting evidence they furnish of a reptilian ancestry.^ 
In the most important and indeed unique genus, named by him 
Hesp&tw'nis (Fig. 458), the jaws were furnished with teeth implanted in 
a common alveolar groove, as in Ichthyosaurus ; the wings were 
rudimentary or aborted, so that locomotion must have been entirely 
performed by the powerful hind limbs, with the aid of a broad, flat, 
beaver-like tail, which no doubt materially helped in steering the 
creature through the water. It must have been an admirable diver. 
Its long flexible neck and powerful toothed jaws would enable it to catch 
the most agile flsh, while, as the lower jaws were united in front only 
by cartilage, as in serpents, and had on each side a joint that admitted 
of some motion, it had the power of swallowing almost any size of prey. 
He^eromis regalis, the type species, must have measured about 6 feet 
from the point of the bill to the tip of the tail, and presented some 
resemblance to an ostrich. Of the other genera, Ichthymiis (Fig. 459) 
and Apatornis were distinguished by some types of structure pointing 
backward to a very lowly ancestry. They appear to have been small, 
tem-like birds, with powerful wings but small legs and feet They 
possessed reptile-like skulls, with teeth set in sockets, but their vertebrae 
were bi-concave, like those of fishes. There were likewise forms which 
have been grouped in the genera Graculmw, Lcmnisy Palmtnnga^ and 
Telmaianiis, Altogether the earliest known birds present characters of 
strong affinity with the Deinosaurs and Pterodactyles.^ 

Though mammalian remains had long been known to occur in the 
Triassic and Jurassic formations, none had been obtained from Cretaceous 
rocks, and this absence was all the more remarkable from the great 
abundance and perfect preservation of the reptilian forms in these rocks, 
But the blank was eventually filled by the remarkable discovery in the 
Upper Cretaceous rooks of Dakota and Wyoming of a large series of 
jaws, teeth, and different parts of the skeletons of small mammals belonging 
to many individuals, and including not a few genera and species. They 
were found associated with remains of deinosaurs, crocodiles, turtles, 
ganoid fishes, and invertebrate fossils indicating brackish or fresh-water 
conditions. • The mammalian forms show close affinities to the Triassic 
and Jurassic types. There are several distinct genera of small marsu- 
pials, others seem to be allied to the monotremes, but there are no 
carnivores, rodents, or \mgulates. The genera proposed for them by 
Professor Marsh are Cimolomys, Gimolodm^ Nanortiys^ Dipriodoni^ Tripriodoii^ 
Selenacodon, Ilalodon, Oa/inptomm, Dryolestes, Didelphops, Cimolestes, Pediomys, 
Sta,godon, Pkitawdmy Oracodon, and Allacodon? More recently the discovery 

1 ‘ 0(lSntomitlies,* being voL i. of M&novrs qf Peabody Museum qf Yale Qollege^ and 
also vol. vii. of Qeol, Ex;plor. ^Oth ParaUel; “Birds witli Teetb/* Rqp, U,S, Q, S. 1881- 
1882, p. 46 ; Aoyie/r. Joum, Sci, iii. (1897), on the affinities of JTesjperomis. 

a See Maa:sh, U.S, G. S. Report, 1881-82, p. 86. 

® Marsh, Aries\ Joivm, Sd. xxxviil (1889), pp. 81, 177 ; xliii. (1892), p. 249. Some 
of Marsh’s genera are regarded by Prof. Osborn as having been pre-named by Cope. Thus 
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of a single small tooth in the Wealden series of Hastings was the first trace 
of mammalian life found in the Cretaceous formations of Europe. The 
specimen has been provisionally referred to the Purbeckian genus 
Flugiaulao:?- 


§2. Local Development. 

The Cretaceous system, in many detached areas, covei’s a large extent of Europe, 
and includes records not only of former seas but of lakes, livers, and dry lands. From 
the south-west of England it spreads across the north of France, up to the base of the 
ancient central plateau of that country. Eastwards it ranges beneath the Tertiaiy 
and post-Tertiary deposits of the great plain, appearing on the north side at the southern 
end of Scandinavia and in Denmark, on the south side in Belgium and Hanover, round 
the flanks of the Harz, in Bohemia and Poland, eastwards into Russia, where it covoi*s 
many thousand square miles, up to the southern end of the Ui*al chain. To the south 
of the central axis in France, it underlies the great basin of the Garonne, flanks the 
chain of the Pyrenees on both aides, spreads out largely over the eastern side of the 
Spanish tableland, and reappears on the west side of the crystalline axis of that region 
along the coast of Portugal. It is seen at intervals along the north and south fronts of 
the Alps, extending down the valley of the Rhone to the Mediterranean, ranging along 
the chain of the Apennines into Sicily and the north of Africa, and widening out from 
the eastern shores of the Adriatic through Greece, and along the northern base of the 
Balkans to the Black Sea, round the southern shores of which it passes in its progress 
into Asia, where it again covers an enormous area. 

Nor is the system less prominent in the New World. In North America it spreads 
over enonnoua tracts of country and displays, on a still greater scale, the same wide 
variety of sediments as in Europe. It runs along the eastern margin of the United 
States, rising from under the Tertiary formations as a narrow strip which swcej)s round 
the southern end of the long Alleghany chain into Alabama, Mississippi, and Tennessee. 
On the western side of the Mississippi valley it spreads over Te-xas and southwtu’ds over 
most, of Mexico. In the interior, farther north, it extends over tlio sites of what were 
probably vast sheets of fresh water, while on the Pacific slope it is largely developed in ti 
thick series of formations which stretch northwards into British Columbia. 

While there is sutfleient palseontological similarity to allow a general parallelism to 
be. drawn among the Cretaceous rocks of western Europe, there are yet strongly marked 
differences pointing to very distinct conditions of life, and probably, in many oases, to 
disconnected areas of deposit. Having regard to these geogi’aphical variations, a 
distinct northern and southern province, as above stated (p. 1162), can bo rocognisod ; 
but Gtimbel has proposed a further grouping into three great regions : (1) the northern 
province, or area of White Chalk with Bel&inniteUa, comprising England, nortlujiii 
France, Belgium, Denmark, Westphalia, &c. ; (2) the Hercynian pinvince, or area of 
Exogym cohiiriba^, embracing Bohemia, Moravia, Saxony, Silesia, and Central Bavaria ; 
and (3) the southern province, or area of Hippurites, including the regions of Finnce 
south of the basin of the Seine, the Alps, and southern Europe.® 

Britain.®— The Purbeck beds (p. 1146) bring before us evidence of a groat change in 

Marsh’s Obmlmya is said to he Cope’s PtUodiis, and his Diptiodon Cope’s 
“ Upper Cretaceous Mammals,” BuU, Anwr, Mm, ]S^at, Hist, v, (1893), p. 314. 

^ A. Smith Woodward, Natim, xlv. (1891), p. 164. ^ 

® ‘ Geognost Beschxeib. Ostbayer. Grenzgebirg.’ 

® Consult Conybeare and Phillips, * Geology of England and Wales,’ 1822. Fittou, Ana, 
Philos, 2nd ser. viii. 379 ; Trms. Qeol, Soc, 2nd, ser. iv. 103. Dixon’s ‘Geology of Susse.x,’ 
edit. T. Rupert Jones, 1878. Phillips’s ‘Geology of Oxford and the Thames Valley.’ H. 
B. Woodward’s ‘Geology of England and Wales,’ 2ud edit. H. W. Bristow’s ‘ Tlie Isle of 
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Lower Cretaoeotts (Neooomian ^). — Between the top of the Jurassic system and 
the stage known as the Gault, there occurs an important series of deposits to which, 
from their great development in the neighbourhood of NeuchS.tel in Switzerland, the 
name of Neocomian has been given. This series, as already remarked, is represented in 
England by two distinct types of strata. In the southern counties, from the Isle of 
Purbeok to the coast of Kent, there occurs a thick series of fresh- water sands and clays 
termed the Wealden series. These strata pass up into a minor marine group known as 
the Lower Greensand, in which some of the characteristic fossils of the Upper Neocomian 
rocks occur. The Wealden beds of England therefore form a fluviatile equivalent of 
the continental Keocomian formations, while the Lower Greensand represents the later 
marginal deposits of the Neocomian sea, wliioh gradually usurped the place of the Wealden 
estuary. The second type, seen in the tract of country extending from Lincolnshire into 
Yorkshire, contains the deposits of deeper water, foiining the westward extension of an 
important series of marine formations which stretch for a long way into Central Europe. 

Neocomian.^— The marine Neocomian strata of England are well exposed on the 
cliffs of the Yorkshire coast at Filey, where they occur in an argillaceous deposit long 
known as the Speeton Clay. This deposit is now shown to contain an interesting 
continuous section of marine strata from the Kimeridge Clay to the top of the Lower 
Cretaceous, or even into the Upper Cretaceous series. It has been carefully studied by 
Mr. Lamplugh and by Professors Pavlow and Nikitin, by whom it has been brought 
into comparison with the Neocomian rocks of Kussia. The lower part of the Speeton 
Clay consists of hard dark bituminous shales with large septarian nodules and many 
crushed fossils, including species of Ecrisphmctes, Olmtepliinm, BeUmnitea, Lingula 
omlia^ Lisdna IcUisswia, Ostrea gihhosa^ Lucma minusoula, &c. These strata 
are referred to the higher part of the Kimeridge Clay. They are succeeded conformably 
by the zone of Bd&mvUca laicfraliSj consisting of dark, pale, and banded clays with the 
fossils mentioned in the foregoing table. At the base of the zone lies a “coprolite 
bed,” and its top is taken at a “compound nodular bed” rich in fossils. The total 
thickness of this zone is about 34 feet “ It bridges over the space between undoubtedly 
Jurassic and undoubtedly Cretaceous strata.” It is overlain by the zone of BeUmiites 
jMulumy consisting likewise of various dark and striped clays and bands of nodules, the 
whole having a thickness of about 126 feet. The characteristic belemnite ranges 
through 120 feet of the section with hardly any trace of another species. Olcostephanus 
{Astieria) Astieri occurs in the lower i)art of the zone, 0. {SimUrsJcites) inversus and 
Bayeri in the centre and 0. {Bimbirshites) speetm&ims towards the top. An interesting 
palseontologioal feature in this zone is the ocurrence of abundant tests of Echino- 
spatagus (i(yrdif(irmis, a highly characteristic Neocomian type. The zone of Bel&mnUes 
hntusvicensis is seldom seen in complete section, owing to the slipping of the cliffs and 
the detritus on the foreshore. It consists of dark clays 100 feet thick or more. Above 
it a few feet of mottled green or yellow clays form the top of the Speeton clay. These 
strata compose the zone of Belomnites minimus, and contain also Inoceramus con- 
cerUricuSf L sulcal, &o. Some of their fossils are found in the Gault, and they may 
thus represent here the Lower Gault, while the Rod Chalk above may be the equivalent 
of the UpJ>er Gault.’* 

^ Neocomian, from Neocomum, the old name of NeuohS.tel in Switzerland. 

® Pitton, Tram, Qeol, JSoo. 2nd. ser. iv. (1887), p. 103 ; JProc, Oeol. Soc. iv. pp. 198, 208 ; 
(>. /. G, 3. i. Consult on marine Neocomian type Young and Bird, ‘ Survey of the 
Yorkshire jjoasfc* (1828), 2nd edit. pp. 68-64. J. Phillips, ‘Geology of Yorkshire,’ p. 124. 
J. Leckenby, Geologist, ii. (1869), p. 9. Bristow’s * Isle of Wight,’ 2nd edit, cited on p. 1180 j 
Judd, Q, J, G, 8, xxiv. (1868) 218 ; xxvi. 326 ; xxvii. 207 ; Geol. Mag. vii. 220. C. J. A. 
Meyer, Q. J. G. S. xxviii. 243 ; xxix. 70. A. Strahan, qp. cit. xlii. (1886) p. 486 ; Meih. 
Geol. Surv. sheet 84, and the ‘Isle of Purbeok,’ cited on p. 1181. 

® G. W. Lamplugh, papers cited on p. 1182 ; and A. Pavlow, Q. J.(^. K lii. (1896), p. 542. 
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In Liiicolnsliire the inaiiue Neocomian series is likewise developed. Rising to the 
surface from beneath the Chalk, the highest and lowest strata are chielly sand and 
sandstone ; the middle portion (Tealby series) clays and oolitic ironstones. According 
to Mr. Lamplugh, the Spilsby Sandstone and the Olaxby Ironstone of this county, 
forming the base of the Neocomian sei*ies and resting on Upper Kimeridge shales, are 
eqrdvalents of the zone of Bclemnites lateralis at Speeton. The Tealby Clay, which 
overlies them, is regarded as representing the zone of B. jae%l\vni^ the Tealby Limestone 
the zone of B. hru}isvice7isis, while the Carstone at the top immediately below the Red 
Chalk is placed on the horizon of the marls with B. Tlie Caratone mnges 

into Norfolk, and perhaps represents the entire “ Lower Greensand ” of central and 
southern England. 

Wealden.® — In the southern counties a very distinct assemblage of strata is met 
with. It consists of a thick series of fluviatile deposits termed Wealden (from the 
Weald of Sussex and Kent, where it is best developed), suimounted by a group of marine 
strata (“Lower Greensand”), in which Upper Neocomian fossils occur. It would 
appear that the fresh- water conditions of deposit, which began in the south of England 
towards the close of the Jurassic period, when the Purbeck beds were laid down, con- 
tinued during the whole of the long interval marked by the Lower and Middle 
Neocomian formations, and only in Upper Neocomian times finally merged into ordinaiy 
marine sedimentation. 

Some discussion has arisen as to the correlation of this gi-eat fluviatile series. We 
have seen that no stratigi’aphical line can be satisfactorily drawn between the Purbeck 
and Wealden formations, which are the recox*ds of a long period of lacustrine and fluvia- 
tile conditions. It was the opinion of Fitton that all those fonnations should bo 
grouped together under the name of Wealden as a scries distinct from the oolites below. 
As, however, the evidence of fossils has accumulated, the reptiles, the fishes, and the land- 
plants have been claimed to present a Jm*assic rather than a Cretaceous aspect. The 
inclusion of the Wealden formations in the Jurassic system has accordingly been strongly 
advocated, and this view has been adopted by some geologists.'^ On the other hand, 
there can be no doubt that the Wealden series passes upward into Upper Neocomian 
strata, and it may be presumed to represent at least in i>art Lower Neocomian deposits. 
It is .unfortunate that neither in the south nor in the north of England can any 
satisfactory line be tj^ed between the Jui'assic and the Cretaceous systems. Until 
further evidence is obtained the Wealden may most conveniently be allowed to remain 
in the Cretaceous division. 

The Wealden series has a thickness of over 2000 feet, and in Sussex and Kent 


consists of the following subdivisions in descending oi-der 

Wesdd Olay . . . . , 1000 feet 

Hastings Sand group composed of — 

3. TiiiibridgL' WclN Sand (with Grinstead Olay) . . 140 to 380 ,, 

2. Wadhurst Olay 120 „ 180 ,, 

1. Ashdown Saud (with Pairlight Clays in lower part) . 400 or 500 ,, 


In the Isle of Wight those subdivisions cannot be made out, and the total visible 
thickness of strata (sandstones, sands, cla ys, and shales) is only about half of what can 
1 See G. W. Lamplugh, in papers cited on p. 1182 ; A. J. Jukes-Urowiie, “(ieology of 
East Lincolnshire,” in Mem. Geol. Burv, sheet 84, 1887. 

^ On the Wealden or fluviatile type consult, besides the works quoted on p. 1180, Muntoll’s 
‘ Fossils of the South Downs,’ 4to, 1822. Topley, “ Geology of the Weali” in Geol 

Barn, 8vo, 1875. Bristow’s “Geology of the Isle of Wight,” 2nd edit. (1889), UeoL 

Btmi,, gives a list of Wealden fossils at p. 268. 

3 See 0. Marsh, Amer. Joum. Bei. i. (1896), p. 224 ; A. Smith Woodward, Ocol, Mag. 
(1896), p. 69. A. 0. Seward, Natwe, liii. (1896), p. 462 ; “Catalogue of Mesozoic Plants in 
British Museum-— the Wealden Flora ” (1896), p. 240 ; E. van den Broeck, Bull, Bna. Belg. 
Giol. xiv. (1900). G. W. Lamplugh, Geol. Mag. (1900), p. 443. A. Pavlow, Q. J. a. B. liL 
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be observed on the mainland farther east, but the base of the series is concealed. 
Westward, in the Isle of Purbeck, on the coast of Doi’setshire, the Wealden strata are 
exposed on the shore, and are estimated to be more than 2000 feet thick, but they 
arc there beginning to thin out westward. 

The sandy and clayey sediments composing the Wealden series precisely resemble 
the de 2 )osits of a modern delta. That such was really their origin is home out by their 
organic romain.s, which include terrestrial plants (fihara, CladophlcUs^ Bmnettites 
{Oymdtiokivai), Teuipshya, Eqnisctites^ Fittmiia, Microdictyon, Matonidinmi Pinites^ 
JiufforUiii, Sagcnoptcris, Splicnnptcns, Timytes, Wciclu^elia),^ fresh-water shells (JJniOi 
Cyrena, Paliufina, Mclanopnis, itc,), with a few estuarine or marine forms, as Ostrea, 
Ri'oyyra, Mytilus^ and Fitmya, and ganoid fishes (Lcpidot'its), like the gar of American 
rivers. Among tho spoils of tho land floated dowm by the Wealden river were the 
carcasoH <d* huge dtdnosaurian reptiles, winged pterodactyles and turtles {GowiophdliSi 
HctcroHHchm, ITylmoftmirm, lyutmodon (4 species), Ornitlhocliei'i'us, Oniitliopsis, Peloro- 
savnis, Pholtdosawnutf PlcuiochchjH, CmoUosawi'us, Polacanthus, SucJiosaurus, Titano- 
murna, Veetimanos). Tho deltoid formation, in which these remains occur, extends 
ill an east and west direction for at least 200, and from north to south for per- 
haps 100 miles. Hcikjc the delta may have been nearly 20,000 sc^uare miles in area. 
It has been compared w'itli that of the Qnorra ; in ideality, however, its extent must 
bavi^ hoen greater than its iwesont visible area, for it has suffered from denudation, 
and is to a huge extent concealed under more recent formations. The river probably 
descended from tho north-west, draining a wide area, of which the existing mountain 
groups of liritain arc perhaps merely fragments. 

Professor Judd proposed tho name of “Pimfiold Beds*' for a group of stwita at 
Puulield Cove in Swauage Bay, which he believed to bridge pver the gap between the 
Wealden scries and the Lower < } reonsand, and to show a gi’adual return of the sea, replacing 
the Iluviatile conditions of tho Wealden formations.® It has since been shown, however, 
that no such alternation of deposits exists there, but that tho supposed new formation 
is really a part of the Lower Greensand.® The line of demarcation at the top of the 
Woiildcu series is always sharply defined both lithologically and palceontologically. 

Lower Groensaud.'* — The Wealden series is succeeded conformably by the group 
of arciuicijoUH strata which has long been known under tho awkward name of “Lower 
Greensand.*’ But there is hero an evident break in the sedimentation, for not only are 
tho Wealden strata sharply separable from those above them, but there are deiived 
]jebblos at tho base of tho overlying formation, while in Wiltshire the Lower Greensand 
overlaps tho Wealden bods so rapidly as to indicate an actual unconformability.® Tlie 
Lower Groonaand consists mainly of yellow, grey, white, and gi’een sands, but includes 
also buds of clay and bands of limestone and ironstone. At Atherfield, on the south 
coast of the laic of Wight, it reaohoa a thickness of more than 800 feet, but thins away 
westward ho that in 28 miles it is reduced to no more tl\an 200 feet. It has been 
subdivided in doaoending order as under : — 

Polkt^stoiio beds (Lower Album of the Continent in the upper part) 70 to 100 feet. 

Samlgato hedH \ (Aptian) / 75 ,, 100 ,, 

llythe beds j \ 80 ,, 300 ,, 

Atberfteld Olay (Urgo nian), resting on Wealden ■ . - 20 „ 90 ,, 

^M)u the "Vi^ldeu fiora see Mr, Seward’s ‘Catalogue,’ just cited, and his paper on ‘ La 
Flore Wealdienne do Borniawt,' Mem, Mus. Jtoy, Hist. Rat, Brussels, 1900. 

® Q, J. a, S, xxvii. (1871), p. 207. 

® 0. J* A. Meyer, op, dt xxviii. (1872), p. 248 ; A. Strahan, “Geology of the Isle of 
Purl»eok,” Mctn, Geol (1898), p. 133. 

This formation was first worked out in great detail by Fitton ((*/. J, <f, S, iii. 1847, p. 
289). For more recent lists of fossils see the “ Geology of the Isle of Wight,” Mem, OeoL 
Suro, Gregory, (kol. May, 1897, pp. 97, 187, and some of the papers cited belo-w. 

» * Geology of the Isle of Wight,’ p. 18. 

VOL. II 2 I 





1186 


STRATIGBAPHIGAL GEOLOGY book vi part hi 


These stmta api^ear to represent the continental series up into the base of the Albian 
stage. The Atherfield Clay, well developed at Atherfield, has at its base a baud of blue 
fossiliferous clay overlain by a highly fossiliferous seam of calcareous and ferruginous 
stone, the whole forming what is known as the “Perna bed,” which is five or six feet 
thick, full of Pei'na and E'xoyyra sinuata. The Atherfield Clay contains an 

abundant assemblage of fossils, among which are Hoplites Deslutijcsii^ Nautihis rcquini- 
anv^i Aiicijlocera^s inatheronianum, Aporrluiis Ilohiiiahlina, Area Raul ini, Erogyra 
RoUssingaulti, Plicatula placunea, Anomia Imvigata, Terebraiula sella, Wiynclwnella 
depressa. In the Hythe beds are found Hoplites Deshayesii, Loiivillciccras comuelianum, 
Majcnrosmpliiies gigas, M. Hilsii, Cnoceras Bowerbankii, Belcmnitcs scmkanaliculaixis, 
Rlieaiula placunea. Some of these fossils occur also in the Sandgate beds, while the 
upper part of the Folkestone beds yields likewise Douvilleiceras mamillabum. The 
Hythe and Sandgate beds may therefore represent the Aptian stage, while the Folke- 
stone subdivision may be regarded as the equivalent of the lower part of the Albian. 
The “Bargate beds ” of Sm'rey, which may be on the same horizon as those of Sandgate, 
consist of about 25 feet of sands, siliceous layers, limestone and clays, which have 
yielded no fewer than 34 genera and 139 species of foraminifera.^ Again in SiiiTey the 
sandy strata above the Atherfield Clay include cherty bands full of sponge-spicules.*^ 

Of the total assemblage of fossils in the “ Lower Greensand,” only a small proportion 
passes up into the Upper Cretaceous formations, except among the foiaminifera, of which 
nearly 70 species are common to the two series. This marked palieontological break, 
taken in connection with a gicat lithological change, and with an unconfoimiability which 
in Dorset brings the Gault directly upon the Kimeridge Clay, shows that a definite 
boundary line can be drawn between the lower and upper jiMirts of the Cretaceous system 
in the south of England. 

Upper Cretaceous.^ — Three leading lithological groups have long been recognised 
as constituting the Upper Ci’etaceous seiies of England, First, a baud of clay teimed 
the “ Gault ” ; second, a variable and inconstant group of sands and sandstones called the 
Upper Greensand ” ; and, third, a massive calcareous formation known as the Chalk. 
The progress of palaontological and stratigrax^hical investigation, and more especially the 
development of the system of classification by zones has led to a subdivision of these 
three types into minor stages and substages, generally tliough not always defined by 
lithological distinctions and more especially characterised by peculiar assemblages of 
fossils. It is now possible by this means to place the English formations on parallel 
lines with their representatives on the continent. 

Gault and Upper Greensand* (Albian).— The Gault was foimerly believed always 
to underlie the Upper Greensand. It has now been ascertained, however, that the 
greater part of the Gault so well developed at Folkestone and the ginater ])art of the 
Upper Greensand are really equivalents of each other, formed contemporaneously 
under different conditions of sedimentation,® Mr. Jukes-Browue has accordingly pro- 
posed to group the two formations together under the name of Selboniian.® 

Tlie Gault is a dark, stiff, blue, sometimes sandy or calcareous clay, with layers of 
pyritous and phosphatic nodules and occasional seams of gi’eensand. It vanes from 100 
to more than 300 feet in thickness, forming a marked Hue of boundary between the 
Upper and Lower Cretaceous rocks, overlapping the latter and resting sometimes even 

1 Chapman, J. G. K (1894), p. 677. ~ ' 

® T. Leighton, Q. J. G, & li. (1896), p. 104. 

® This important series of formations is described in full detail by A. J. Jukes-Browne 
and W. Hill in vols. i. and iL of the “Cretaceous Rocks of Britain,” Mein, Geol. %in\ 

* “ Gault” is a Cambridgeshire provincial name. 

® This view was expressed more than fifty years ago by Godwin Austen, Q, J (f 8 v! 
(1860), pp. 461, 472. 

® “ Cretaceous Rocks of Britain,” vol. i. (1900), pp. 1, 80. 
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on the Kimeridge Clay. The best section of this formation is that of Copt Point, near 
Folkestone, where the following subdivisions have been established by Messrs. De Kance 
and Price : ^ — 


Base of Cenomanian. 


& 


Zone of 
Schlaui- 
hack i a 
rodrata. 


Zone of 
JlopUtea 
lantas. 


Zone of 
lloplUes 
intei'i'uptuN. 

Zone of 
Dmmlki- 
mm ‘mm)i’ 
millatmiu 

V 

Folkestone Beds. 


Pale grey iiuirly clay (56 ft. 3 in.), charsicterLsed by 

hadiut rmtrettay *S’. iioodludli, Ostrea frons^ Juoceraviits 
CrispiL 

Hard pale marly clay (5 ft. 1 in.), with ScliUe'nhtchia rostratat 
Kmgena. Plicatiila gurgitis^ Pentacriiius Fittoni, 

Cidaris gaultina. 

Pale grey marly clay (9 ft. in.), with Schlmvbachuf, rostrata-^ 
S. raneosa^ Sccqthites hugardiami'S, Taoceranius mdeatus^ 
PholculoDiya fahrbui^ PUurot(yi)iaria (Hhhiii, 

Darker clay, with two lines of Y>liospbatie nodules and rolled 
fossils (94 in.), with lieuduuii^ SchlcBuhachia 

rrintatn, hrnngnuiHiam, Acanthoceraa Miirex 

calcar i Scalar m ganUina^ Plvoladidea Rimlani, Pccten 
JioluialdlmMf Cypri^iia quadrata. 
fDark clay (6 ft. 2 in.), highly fossiliferous, with HopUtes 
aurifm, Nucidct hiinrgata>, Jiuednum gavUinum, Aporrlmis 
PaTkimoni, Famis indecmi^. 

Dark mottled clay (1 ft.), Boplit&i denar his, Selilosnbachia 
comuta, Turr Hites hugarJUtuHa, yeci'oearinus BecheL 

Dark spotted clay (1 ft. 6 in.) JJaplI/cs Inutiis, IT. ranlinianus, 
Aaiartc dupinmna, Solarimn mouiliferim-, Phasianella 
erryana, numerous corals. 

Filler clay (4 in.) Sc/dcenBzchia JJelartiei, Ffatica dbligua-, 
Jkntcdimn deenssatinn, Fasiis rnsticxis. 

Light fawn-coloured clay, “ crab-bed ” (4 ft. 6 in.) with immer- 
o’ls of crustaceans {PaheocorysUs Stokesii, P, 

/; •. tetragonct, Mamites attemiaixis, Corbuta 

elcgans. 

Dark clay marked by the rich colour of its fossils (4 ft. 3 in.), 
Jloplites auritxis, Tiirrilites elegans, Ancyloccras spini- 
gcrmi, A'^)OTrrhais calcarata, Fasiis Uferiamis, Cerifhiiim 
triviouile, Qtn^iida grndfhta. 

Dark eday, dark givensand, and pyritous nodules (10 ft. 1 in.), 
llojdites hdorrapfi's. Ifamites attemiatxis, Crioceraa astieri- 
^ amim, ,„inimxis. 

[ Greensand, coarse in places, mixed with dark clay above (2J 
feet) resting on a coarse gritty band partly indurated into 
large concretionary masses with dark phosphatic nodules 
(1 foot) with a yellouusli incoherent greensand underneath 
(3 feet). 


Mr. Pi’ioo remarked that, out of 240 species of fossils collected by him from the Gault, 
only 39 are oonnnou to the lower and upper dhdsions, while 124 never pass up from the 
lower and 59 appear only in the upper. The Lower Gault seems to have been deposited 
ill a sea specially favourable to the spread of gasteropods, of which 46 species occur 
in that division of the formation. Of these only six appear to have survived into the 
1)0110(1 of the TJpimr Gault, whore they are associated with five new forms. Of the 
lamellibraixch fauna, numbering in all 73 species, 39 are confined to the lower division, 
four arc peculiar to the passage-bod (No. 8), 14 pass up into the upper division, where 
they arc ac.c.ompanied by 16 new fomis. About 46 i)er cent of the Gault fauna pass up 
into the Uji^ior Groeusand.^ 

C. E. doltoiic^ 7^)1 ZU(^rv, p. 163 ; L 72 ) p. 246. F. G. H. Price, (^. ./. O, S. 
XXX. p. 342 ; *Tho Gault,’ 8vo, London, 1879. See also Mr. Jukes-Browne, “ Cretaceous 
Bocks of Britain,” Mean. deoL Swv, vol. i. p. 73. 

The foraniinifera of the Gault at Folkestone, with reference to the zones here given, 
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According to the view above refeiTed to as proposed by Mr. Jukes-] >rowiio, the 
Gault of the Folkestone section, 112 feet in thickness, contains the whole of his 
“ Selbomian ” stage, that is, the upper part of the section is the equivalent of what is 
elsewhere the sandy series known as “Upper Greensand.” At one time a sandy 
glauconitic marl w’hich overlies the Gault at Folkestone was regarded as Upper Green- 
sand, This identification naturally strengthened the belief of the posteiiority of the latter 
formation. It is now generally agreed, however, that the marl in question is really the 
so-called “ Chloiitic Iklarl ” at the base of the Cenomanian stage. 

As the Gault is followed westwards from the Isle of Wight it gradually diminishes 
in thickness until in Devonshire it appears to be represented by a few feet of green- 
sand. At the same time it is overlain by a progi-essively increasing depth of sandy 
sti*ata, which have long been known as the Upper Greensand. There can now be no 
doubt that these arenaceous deposits were coeval with and strictly represent the 
argillaceous deposits of the south-eastern counties. The Upper Gault is character- 
ised by the occun'ence of Schlosnbachia rostrata^ and this ammonite serves as a 
useful guide among the more sandy strata farther west. The zone is probably thickest 
in the Isle of Wight (about 130 feet). It there consists of greenish glauconitic sand- 
stones with conspicuous layers of black and grey chert in the upper part. Some of 
those finer arenaceous strata are known as “Malmstone” or “Malm Rock," which may be 
defined as “a fine-gi’ained siliceous rock, the silica of which is principally of the colloid 
variety, either in the foim of a semigranular groundmass or of scattered microscopic 
spheroids or in both forms. Sponge spicules, or the spaces once occupied by them, arc 
always abundant and seem to have supplied the silica w-hich is no>v in the globular or 
semigranular condition.” ^ Small quantities of quartz, mica and glauconite are present 
with some calcareous matter. Where the lime increases to 20 or 26 per cent the rock 
is known as calcareous malmstone or Firestone." The mahnstoue passes into a 
micaceous sandstone containing quartz, mica, glauconite, sponge spicules and globular 
silica — the “Gaize" of French geologists. With its associated bods of firestone and 
gaize the malmstone covers a large tract of surface in southern England, and as it extends 
under the Chalk and Tertiary formations Mr. Jukes-Browne computes that the portion 
of it which remains after extensive denudation has an area of nearly 4000 square miles. 

Besides these more solid constituents which, owing to their gi'eater hardness, give 
rise to such picturesque landscapes as those above the undercliff of the Isle of Wiglit ; 
the Upper Greensand in that island and in the south-western counties consists in largo 
measure of fine soft sands, composed mainly of quai-tz with some mica and a constant 
admixture of glauconite, which gives the prevailing tint of greyish-green to the deposits. 
These sands, however, are here and there indurated into hard calcareous sandstones and 
lenticular concretions or “doggers." 

The fossils of the Upper Gault and Upper Greensand or zone of Schhe-iiba-chia rmtnUa. 
have been collected mainly at Folkestone and Cambridge.*-* Those yielded by the 
Malmstone and Gaize come chiefly from these strata as seen around Devizes, while those 

have been described by F. Chapman, Journ. JR, Micros, Soc, 1891, p. 566 ; 1892, pp. 321, 
749. See also the list of fossils in vol. i, of the Geol, Surv, Mmnon on the “ Cretaceous 
Rocks of Britain," p. 481. 

^ A. J. Jukes-Browne, ‘Cret. Rocks of Britain,’ vol. i. p. 64. 

® The so-called Greensand of Cambridge (pp. 1176, 1182), a thin glauconitic marl, with 
phosphatic nodules and numerous erratic blocks, was formerly classed with the Upper 
Greensand, but has been shown to be tbe equivalent of the Glauconitic Mg;rl, forming 
really the base of tbe Chalk Marl and lying unconfonnably upon the Gault, from the 
denudation of which its rolled fossils have been derived. Jukes-Browne, Q. J, (f, jS, xxxi. 
p. 272, xxxiii. p. 486, xliii. p. 545. “Geology of Cambridge,” by W. H. Penning and 
A. J. Jukes-Browne, Mem, GeoL S/itrv, (1881), p. 24. The fishes of the deposit are 
enumerated by A. Smith Woodward, Geol, Mag, (1896), p. 207. 
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of the sands have been supplied from the Isle of Wiglit and the deposits in Dorset and 
Devon, particularly in the Blackdown Hills. ^ Besides the distinguishing ammonites 
and those mentioned in the table on p. 1182, the fossils include Hoplites H, 

muli'iiianuSi Anmcmis {Hamitcs) cmimtnm, Twn'ilitj&s BGi*geH, Aporrhais Pai'kiivsoni, 
Cardmm gentiaimm, CucuUiea glctlra, Trigonia alifonniSt Tcrelmtula Uplicata, BJiyn- 
ckondlot, sulcata. 

At the highest part of the Upper Groensand, where fully developed, there lies a group 
of sandy strata, 10 to tSO feet thick, which in lithological chamcters and in fossil contents 
differs from the deposits underneath them. As they are well developed in the Yale of 
Warminster, Wiltshire, they have long been known as the “ Warminster Beds. ’’ At that 
locality they are about IS feet thick, and consist of glauconitic sands, chert, and siliceous 
rock, composed largely of spicules. These strata form the zone of Pecten asper and 
Oardiaster fossai'iiis. Among their other fossils are numerous lamellibranchs {Lima 
scmionia.ta, Pectoi llobiniildimis\ brachiopods {PJiyachonclla dimidiata^ P. grasiaim, 
Terehrntula hiplicaLa, T. ovata., Tcrchrirostra lym\ i)oly 2 oa {Ceriopom polymorpha), 
echinoderms (more than 30 species, including Cidaris, OatqpygiiSj Peltastes, Pseudodia- 
dcmat Balenia) and sponges. 

At Hunstanton in Norfolk, likewise in Lincolnshire and Yorkshire, as already (p. 
1183) referred to, the “Red Chalk” — a ferruginous, hard, nodular chalk zone (4 feet), 
lies at the base of the Chalk and rests on the Upper Neoconiiaii “Carstone,” the tnie 
Gault being there absent, although it occurs a few miles farther south.^ The proper 
horizon of this band has been the subject of much discussion ; but it probably rejDresents 
t.lie Gault. Bands of red and yellow chalk occur in the lower parts of the Chalk above 
the horizon of the Bed Chalk in Lincolnshire and Suffolk.^ 

Lower Chalk (Cenomanian).'^ — The thick calcareous deposit known as the Chalk 
is now classed in three chief divisions— Lower, Middle, and Upper, corresponding to 

1 On the literature of the “Blackdown beds,” see W. Downes, Q. J. G. *?». xxxviii. 
(1882), p. 75, where a list of their fossils is given. Tlie numerous corals of the deposit were 
described by P. Martin Duncan, op. clt. xxxv. p. 90. 

*** A, J. Jukes-Browne, op, cit. pp. 62, 238, and authorities there cited. 

See Whitaker, <^col. Mag. 1883, p. 22 ; Proc. Hcol. Assoc, viii. No, 3 (1883), p. 133. 
This author gives a lull description and bibliography of the Bed Clialk in Proc. Xonotch 
(Jcol, *%c. i. Part vii. (1888), ]>. 212. See also Mr. Lamplugh’s papers cited aiite, p. 1182, 
who shows that the Bed Chalk belongs to the zone ot lielemnitejt vihiiimts. 

^ A. J. Jukes-Browne, Geol. Mug. 1887, p. 24. W. Hill and Jukes-Browne, Q. J. G. S. 
xliii, p. f)44. 

•*' Kor a comparison and discussion of this stage in the south of England and in France 
see A. J. Jukes-Browne and W. Hill, Q. ♦/’. G. A lii. (1896), pp. 99-177. The name of the 
stage is derived from Ccmioinanum, the old Latin name of the town Mans in the department 
of Barthe. To the illustrious Hebert geology is indebted for inaugurating the tliorough 
detailed study and classitlcatiou to which the Upper Cretaceous formations of the Anglo- 
I’arisian basin have been subjected, lu 1874 he published a short memoir, in which the 
Clialk in Kent was subdivided into zones equivalent to those in the Paris basin {Lull Soc. 
Geol P't'ance, 1874, p. 416). Bubsoqueutly the same task was taken up and extended over 
the vest of the English Cretaceous districts by Dr. Charles Ban'ois (‘ Becherches sur le 
Tenvain Cretace super ieur de I’Angleteire et de ITrlaude,’ Lille, 1876). Tlie first English 
geologist who appears to have attempted the palteontological subdivision of the Chalk was 
Mr. Caleb <%Evans (‘Sections of Chalk,* Lewes, 8vo, 1870 ; for tli^ Gvologistd Association). 
Bee also W. Whihiker, ‘Geology of the London Basin* and ‘Geology of London’ ; Bristow’s 
*Isle of Wight,’ 2nd edit. ; and A. Strahan’s “Isle of Purbeck,” in Orol Memoirs. 

A tolerably full bil>liography will be found in Dr. Barrois’ volume, and the whole subject is 
fully discussed in vols. i. and ii. of the Geological Survey Memoir on the “Cretaceous 
Rocks of Britain.” 
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the Cenomauiaii, Tiironian, and Senonian stages of the Continent. Under the name of 
Lower Chalk' are included the groups of the “Glauconitic” or “Chioiitio Marl,” the 
“Chalk Marl,” and the “Grey Chalk” up to the top of the zone of Actinocamax pleniis 
and base of the “Melboum Rock.” 

Glaitcmitie (Cliloritic) Marl, — This name has been applied to a local white, or light 
yellow, chalky marl lying at the base of the Chalk, and marked by the occurrence of 
gi^ains of glauconite (not chlorite) and phosphatic nodules. It varies up to 16 feet in 
thickness. Among its fossils are Acanthoce^'aa laticlavium. A, Mantell% Schloytibachia 
Go%]pei, S. mi'iaois, MautUus suhls&vigatus^ Tumlites itiberailaUiSi Solarium omialum, 
Plicatula injlcUa, T&i'ebratula Uplicata, It foims the base of the Sehl(&iibacMa vaHans 
zone. 

Clialk Marl is the name given to an argillaceous chalk forming with the Chloritic 
marl, where th.e latter is present, the base of the time Chalk fomation. This sub- 
division is well exposed on the Tolkestone cliffs, also w'estward in the Isle of Wight, 
where a thickness of upwards of 100 feet has been assigned to it. Among its charac- 
teristic fossils are PloeoscypMa lahrosa, Holaster lasviSf TerehratvMna tna'iigitlaHs^ 
Eliy^ichonella Martini, R, Mantelliana, Oatrea veaieiilaris, Inoeeraimia lotus, I, atHaius, 
Lima gloloaa, Plicatula inflata, Acanthoceras emvonnanmae. A, MantelH, A. nauicularia, 
Hoplitea faleatua, ScMcenlachia rariana, ScaphUes saqualia, Turrilitca coatatua. 

Careful chemical and microscopic examination of the various subdivisions of the Chalk 
have disclosed the presence, even in the white and apparently perfectly pure Chalk, of 
a small proportion of inorganic mineral matter, giving rise to residues in which a number 
of minerals can be disciiminated, including quartz, felspar, mica, hornblende, augite, 
tourmaline, zircon, rutile, anatase, brookite, garnet, &c. In the Chalk-marl the total 
amount of mineral residue is about 40 per cent, and in the Grey Chalk 44 per cent, 
while in the white Upper Chalk it has been found to sink to little more than a half of 
1 per cent.^ 

Grey The lower part of the Chalk has generally a somewhat greyish tint, 

often mottled and striped. In Bedfordshire and adjoining counties a band of liard gi*ey 
sandy chalk, from 6 to 15 feet thick, containing 8 per cent of silica and in places 
much glauconite, is known as the “Tottemhoe Stone,” ^ and forms the base of the Grey 
Chalk, which as a stage comprises the palseontological zone of Solaater auhgloloaua 
with Actinocamax pleniia in its upper portion. In Cambridgeshire the Chalk l^Iai’l is 
covered by the band of Tottemhoe Stone passing up into sandy and then nearly pure 
white chalk, and these strata, equivalents of the Grey Chalk, are pi’obably separated 
by a paheontological and stratigraphical break from the next overlying (Turonian) 
member of the series.^ According to the original classification of M. Hebeii:, this zone 
of Aetinoemnax plmus is placed at the base of the Turonian gi’oup ; by Dr. Barrois 
it is made the summit of the Cenomanian. The latter view receives support from 
tiaces of a break and denudation above this zone in England. 

The Lower Chalk attains its fullest development along the shoi'e-oliffs of Kent, 
where it has a thickness of about 200 feet. According to Mr. F. G. H. Price,* it is 
there divisible into five beds or sub-stages. Of these the lowest, 8 feet thick (slower 
part of the SchloenhaeMa mriam zone), contains among other fossils Diacoidca suhumla, 
Pcctcn Beaveri, Sehloenhachia varians ; the second bed (11 feet) contains many fossils, 
including AccintJioceras o'othomagejiae, A, MantelH, Pachydiacua lewesienMa (=part of 

^ Dr. Hume*s Essay cited on p. 1162, and M. Cayeux's volume. 

® For the list of fossils of this bed in Norfolk and Suffolk see Jukes-Bro'vfee and W 
Hill, Q,J, O.S, 1887, p. 577. 

® A. J. Jukes-Browne, Geol, Mag, 1880, p. 250. See also the same author in “Geology 
of the Neighbourhoodtof Cambridge” (Menu Geol, Sum.), and Q. J. G. S. 1886 p 216 * 
1887, p. 644. * 

* Q, J. G, 3. xxiii. p. 486. 
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ScMceiil), varians zone) ; the third bed (2 feet 9 inches), also abundantly fossiliferous, 
contains among other fonns FcUastes clathnxiuSf Emiaster Mort'isiif Ta^ebrat^Uina 
Hfjida, Rhynchryivilla mantelUana^ AcantJioceras rothomagcnse, Schloenb. mrmi8 ; this 
'and the two underlying beds are regarded as comprising the zone of Acanthoceras 
rothomagense and SchloAnh vaHans ; the fourth sub-stage or zone of Eolaster subglohosm 
(148 feet), contains among its most characteristic fossils DiscoicUa cglvndrica, Eolaster 
subglobosiis, and in its upper part Actinommajx the fifth bed, or zone of 

Adin. plewus, consisting of yellowish-white gritty chalk (4 feet), forms a well-defined 
band between the Grey Chalk and the overlying lower subdivision of the 'White Chalk 
(Turonian) ; it contains few fossils, among which are Adin, ^lenus^ Radiolites Mortoni, 
Ftycliodifs, 

Middle Chalk (Turonian).^ — This division comprises the “Lower "White Chalk 
ndth few flints,” and is marked off at the base by a band of hard yellow and w^hite 
nodular chalk, locally known in Cambiidgeshire as “ rag," and teimed by geologists tho 
“ Melbourn Rock. ” It is about 8 or 10 feet thick, and forms a convenient band in map- 
ping out the subdivisions of tho Chalk. It contains EhyMlmiella Cimei'i, TerehuiulvnOr 
stidata, luoccramiis Ouvieri, S^ndylus striatiis^ Padiydiscm pcramjjlxtSf &e.® 

The White Chalk of England and north-west France forms one of the most con- 
spicuous members of the great Mesozoic suite of deposits. It can be traced from 
Flamborough Head in Yorkshire across the south-eastern counties to the coast of Dorset. 
Throughout this long course, its western edge usually rises somewhat abniptly from the 
plains as a long winding escarpment, which from a distance often reminds one of an old 
coast-line. The upper half of the deposit is generally distinguished by the presence of 
many nodular layers of flint. With the exception of these enclosures, however, the 
whole formation is a remarkably pure white pulvendent dull limestone, meagre to the 
touch, and soiling the fingers. Composed mainly of crumbled foraminifera, urchins, 
mollusks, &c., like some of the foraniiniferal ooze of the existing sea-bed, it must have 
been accumulated in a sea tolerably free from sediment. There is, however, no evidence 
that the depth of the water at all approached that of the abysses in which the present 
Atlantic globigerina-ooze is being laid down. Indeed, the character of the foraminifera, 
and the variety and association of the other organic remains, are not like those which 
have been found to exist now on tho deep floor of the Atlantic, but present rather the 
charactora of a shallow- water fauna.® Moreover, the researches of M. Hebert have shown 
that the Chalk is not simply one contiimous and homogeneous deposit, but contains 
evidence of considerable oscillations, and even perhaps of occasional emersion and 
denudation of the sea-floor on which it was laid down. The same observer believed 
that enormous gaps occur in the Upper Cretaceous series of the Anglo-Parisian basin, 
.some of which arc to be supplied from the centre and south of France ipostea^ p. 1198). 

Following the modem classification, we find that the old subdivision of “ Chalk 
with lew flints ” agrees on tho whole with the Turonian section of the system. This 
division, as above remarked, appears in some places to lie unoonformably upon the 
momboi*s below it, from which it is further separated by a marked zoological break. 
Nearly all the Cenomanian species now disap^jear, save two or tliree cosmopolitan forms. 
Tho ochinoderms and braoliiopods are entirely replaced by new species.*^ Not only is 

^ From Tourtiiae, where the marly chalk is well developed. 

3 W. Hill and A. J. Jukes-Browne, Q. J. (L S, 1886, p. 216 ; 1887, p. 680. W. Hill, 
qp. cit. 1886, p. 232. 

** Dr. if, Gwyn Jeffreys pointed o\it that the mollusca of the Chalk indicate comparatively 
shallow-water conditions ; Frit, Assoc. Hep. 1877, Secs. p. 79.. See also Eature^ 3rd July 
1884, p. 216 ; L. Cayeux, 8oc, <m, N(yrd. xix. (1891), pp. 95, 252. For a general 
account of the origin of the Chalk, with special reference to its minuter organisms, see T. R 
Jouea, Trans, EcHford, Kat, Eist. Soc, iii.Part 5 (1885), p. 148. 

^ Jukes-Browne, Geol, Mag. 1880, p. 250. 
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the base of the Turonian group defined by a stratigi'aphical hiatus, but its summit is 
marked by the ITodular Chalk ” of Dover and the hard “Chalk Rock,” which appear to 
indicate another stratigraphical break in what was formerly believed to be an uninter- 
rupted deposit of chalk. The three Turonian palieontological zones, so well estiiblished 
in France, are also traceable in England. As exposed in the splendid Kent cliffs, the 
base of the English beds is formed by a well-marked band (32 feet) of hard giitty chalk, 
made up of fragments of Inocerami and other organisms.^ Fossils are here scarce ; they 
include J)ioce 7 umtis mytiloides (which begins here), Bfiynchomlla Cuvieri, Galerites 
(Echinocomm) subroiwnduSf Cardiaster pyginmis. Above this basement bed lies the 
massive Chalk without flints, full of fragments of Lioceramus mytiloides, with L 
C%vi&ri, TerebmMa scinigldbosa, TcrebrabuUnalata, Galerites {Echmocmiiis) suh'otundus, 
&c. The lower 70 feet or so include the zone of Hkynclionella Cuvien, the next 90 or 
100 feet that of TerehTOtiilina lata, and the upper 60 or 60 feet, containing layers of 
black flints, that of Eolaster planus. At the top comes the remarkably constant band 
of hard cream-coloured limestone known as the “Chalk Rock,” varying from a few 
inches to 10 feet in tliickness. Its upper surface is generally well defined, sometimes 
even suggestive of having been eroded, but it shades dowui into the Lower Chalk. ^ 
This band has yielded a lai’ge assemblage of fossils, including Nautilus siibhmigatus, 
Hetcroceras reussianum, Baeulites hohemimts, Prionocyclus Neptiini, Bachydisem 
pemmplus, Scaphites Geiniizi, Crioeeras elliptimm., s])ecies of Eniaryinnla, Plcuroto- 
jnaria, TrocMis, Turho, CcrUhium, Apcyn'iicus, and other gasteropods, together with 
Septifer lineatus, Inoceramua striatus, Lima Hoperi, Spoudylus spinosus, Cypnna 
qvadntia, Ouspidaria caudaia, &c.® 

From the sevei^al subdivisions of the English Chalk a considerable number of species 
and genera of fossil fishes have been obtained. They embrace selachians (Notidauus, 
Eybodus, Drepanephoriis, Acrodiis, Oseyrhina, Lamna, Ooriur, Scylliodus, PtycJiodus), 
chimaeroids (Edaphodcru, Iscliyodus, Elasmodcctes), ganoids {Macft'opmna, Lophiostmmfs, 
Qcdodus, Anomoeodus, Protosphyrxna), and teleosteans (PoHheus, Jchthyodcctes, Pachy- 
rhizodns, Osmeroides, Eoplopteryai}.’^ 

Dr. A. W. Rowe has recently shown the reinai*kable value of the species of Micraster 
for pm’poses of zonal determination. He has traced an unbroken evolution of variations 
in this genus from the base of the Turonian up to the top of the Mkrastei' zones of the 
Senoiiian stage, and has foimd that in each zone the special features of this development 
are so distinctly marked that they may be confidently used to fix the zone from 
which any specimen of MicrafA&r has been obtained. The zone of TcTchrafAilina lata 
is marked by the occurrence of Micraster eor-hovis, the only Micraster, with rare exce])- 
tions, found below the level of the zone of Eolast&r planus. The latter zone is 
distinguished by M, Leshei, prseemsor and cor-testudinarium. But Ijcsides these 
specific forms Dr. Rowe has been able to discriminate varieties which ho has arranged 
into groups, based on a minute comi)arison of differences in the test.® 

Upper Chalk (Senonian,** Upper Olialhwitli many flints), — This massive formation 
is compo.sed of white, pulverulent, and usually tolerably pure chalk, with scattered flints, 
which, being an’anged in the lines of deposit, serve to indicate the otheiwise indistinct 
stratification of the maas. It has been generally regarded by English geologists as a 
single formation, with great uniformity of lithological characters and fossil contents. 

1 For an account of the Middle Chalk of Dover see W. Hill, Q, J, G, S, 1886, p. 232. 

2 Whitaker, d/m. Qed, Sure, iv. p. 46 ; Jukes-Browne, Geol, Mag, 1880, p. 254. A 

similar band occurs in Normandy. ^ 

3 H. Woods, Q, J, G. AS^..lii. (1896), p. 68 ; liii. (1897) p. 377. 

* A. Smith Woodward, P 7 'oe, Geol. Assoc, x. p. 285. 

® Q. J, G, S, Iv. (1899), p. 494 ; Proc, <hol. Assoc, xvi. Part vi. (1900), xvii. Part i. 
(1901). 

® Prom Sens, in the department of Yonne. 
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Mr. ^Vhitaker, however, showed that distinct lithological iilatforms occur in it, and 
later researches, especially by MM. Hebert and Barrois, brought to light in it 
the same zones that occur in the Paris basin. Of these the' lowest, or that of the 
Micrastors (Broadstairs and St. Margaret’s Chalk), is most widely spread, the others 
having suffered most from denudation. It is well exposed along the cliffs of Kent at 
Dover, and also in the Isle of Thanet. At Margate its thickness has been ascertained 
by boring to be 265 feet. It contains two zones, in the lower of which the characteristic 
urchin is Mimfstcr cor-tcstiidinarium, while in the upper it is 31. cor~anguinum, Near 
the top of the Micraster gi'oup of beds in the Isle of Tlianet^ lies a remarkable seam of 
Hint about three or four inches thick, fomiing a nearly continuous floor, which has 
been traced southwards at the top of the cliffs between Deal and Dover. Again, on the 
coast of Sussex, what may be nearly the same hoiizon in the chalk is defined by a 
corresponding band of massive flattened flints. The traces of immersion and erosion 
observed by M. Hebert in the Paris Chalk are regarded by Dr. Barrois as equally 
distinct on the English side of the Channel, in the form of surfaces of hardened and 
corroded chalk. One of these surfaces marks the np[)er limit of the Micraster group on 
the Sussex coast, whore it consists of a band of yellowish, haixlened, and corroded chalk 
about six inches thick, containing rolled gi’een-ooated nodules of chalk. ^ A similar 
liardonod, corroded band forms the same limit in the Isle of Thanet. Occasional 
lenticular layers and pipes of phosphatic chalk are found in this stage, but in England 
hitherto only on a small scale. ^ Among the fossils of the Micraster division the 
ibllowing may be mentioned : Mimtsto' cor-testiidinm'himi M. cor-antjmnuui, Oidaris 
davige7‘aj Mchiiwconjs 'oulgaris, GaUrites (Ediinoconm) coniotiSi Epiaster gihbics, Tcre- 
hrcUxdma lata, Tex'ebratula aeiiiiglohosa, Oatrm xicsiffidarU, Ewcoramm mwlutus. 

The middle subdivision, or Margate Chalk, has been named the Marsupite zone by 
Dr. Barrois, from the abundance of these crinoids. It attains a thickness of about 80 
leet in the Isle of Thanet, where it contains few or no flints, and upwards of 400 feet in 
the Hampshire basin, where flints are numerous. Among its fossils are Porosphsarca 
gldlmlam, PourgueUcriima ellipticus, Ifarsiipites tcatiidinaHm, Mi/yraster coranguiniim, 
Gcderitca (Echixwconics) ca7iicxi8, Echinocorys vulgaris, Oidaris davigera, C. sceptrifera, 
TMcidimn WetliarelU, Terchx'atula semiglobosa, Bhynchonella plicatilis, Tc7'eh7^atuUna 
striaUi, aSpoiulylvs spmosus, 8. diUempUanus, Pecten cretosus, Ostrea vcsicularis, 0. 
Jbippopodi'im, Inoccramus lingua (and several others), Actixiocamax verus, A. M&Fceyi, 
Padiydums Uptophyllus. The lower half of the Marsupite zone is distinguished by the 
presence of UintacxHmis — a free-swimming orinoid.^ 

The highest renmining group, or Nonvich Chalk, forms the Bdc77xnitella zone so well 
marked in northern Europe. It attains a thickness of from 100 to 160 feet in the 
Hampshire basin, is absent from that of London, but reappears in Norfolk, where it 
atttiins its greatest development. It is at Norwich a white crumbling chalk with layers 
of black flints which have yielded abundant sponge- spicules. Among its fossils are 
Pa7'ajS77\ilia mdralis, Cedosmilia lojcu, Oyplmwia magpAficum, Hal&nia geometrica, 
Edbinocorys vulgaris, Mhyiuihonella plkcdilis, var. octoplictUa, 11. IMfOtcb, Terch'atula 
caruea, T. ohem, OstHa lunata, Pelm iiUella mucronata. 

The uppermost, or Danian,** division of the Continental Chalk appears to he absent 
in England, unless its lower portions are represented by some of the uppermost beds of 

1 F. A. Bedwell, Geol. Mag. 1874, p. 16. 

“ Barrois, ‘Terrain Cretace de I’Angleterre,’ &c. 1876, p. 21. 

» A. SUahan, Q. /. G. 8. xlvii. (1891), p. 366 ; Geol. Mag. (1895), p. 336 ; Q. J. Q. 8. 
lii. (1896), p. 463. 

For description and figures of this remarkable crinoid, see Bather, Proc. Zool, Soc. 
(1896) p. 974, and Springer, Mem. 31m. Zool, JTamrd, xxv, (1901). 

•** Professor Solhis, Mag. yat, lli^f. vi. (1880), pp. 384, 437. 

® So named from its development in Denmark. 
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the Norwich Chalk. The highest beds of the English Chalk appear on the Norfolk 
coast, at Trimingham, near Cromer, and contain Ostrea liinata, Pecteii 
Terebratnliiw. gracilis (type), THgoimemiis clegans, and many polyzoa. 

The Cretaceous system is sparingly represented in Ireland and Scotland. Under the 
Tertiary basaltic plateau of Antrim, and resting unconformably on Liassic and 
Ehtetic strata,^ there lies an interesting series of deposits (from 70 to more than 200 
feet thick) which in lithological aspect differ greatly from their English equivalents, 
and yet from their fossil contents can be satisfactorily paralleled with the latter. 
They are thus arranged : — 


Hard white chalk 65 to 200 feet, with Kchino- 
cmya snlcatns^ &c. 

Rpongiarian bed (Ventriculites, &c.) 
Glauconitic (Chloritic) Chalk 


Glauconitic (Chloritic) sands 


Glauconitic (Chloritic) sands and sandstones 
(Cenomanian) 


Grey marls and yellow sandstones 
Glauconitic sand 


= zone of Belemnitella 
nata. 

, , A ctiiwcaimx 

,, Kchbwan'ys gii)hm 

and Cai)ieros})ongia 
funtjifmnu^ re- 1 
presenting the [ 
Mimiater cor- 
aiiguimiin and part 
of the Mars-ujpiks 
or A ctinocamax 
vcr/^/^-zones. 


Tnocerainua (highest^. 
Turoninii or lowest 1 
Senoniun beds of I 
England) [ 


f 


,, Kcaggra culmiba 


,, Ostrea carinata 
,, Exogyraconim 


\ 


o 





In the west of Scotland, also, relics of the same type of Cretaceous formations have 
been preserved under the volcanic plateaux of Mull and Morven. They contain the 
following subdivisions in descending order : “ — 


Wliite marly and sandy beds with thin seams of lignite ... 20 feet 

Hard white chalk with BdemniteBa mmmiatat &c 10 „ 

Thick white sandstones with carbonaceous matter . . . . 100 „ 

Glauconitic sands and shelly limestones, Pedvn miica, 

Ncithea [Janira) qvinqvecostata, Xiautil'us •••. &o. . 60 „ 

Tlxat the hard Chalk of Ireland, as well as the Liassic and Rhaetio formations below 
it, once extended to the north-east, at least as far as the basin of the Clyde, has been 
shown by the remarkable discovery (above alluded to) of large masses of these strata 
with their characteristic fossils within a gi*eat Tertiary volcanic neck in the island of 
Arran.* On the east side of the countiy large quantities of chalk Hints scattered over 
Aberdeenshire probably indicate that the Chalk lies not far off under the North Sea in 
continuation of its e.xlonsiou in Denmark. A considemble list of fossils has been 
obtained from the Aberdeenshire tracts, indicating that tliey have been derived from 
more than one horizon in the Cretaceous series. The specimens collected at Moreseat 
have clearly come from Lower Greensand, Gault, and Uppr Greensand sti'ata.’^ 


^ R. Tate, Q, J. G. S, xxi. (1865), p. 15 ; Barrois, ‘Recherches sur le TerAiii Cretac6 
Superieur de I’Angleterre et de I’lrelande,’ Lille, 1876 ; W. F. Hume, Q, J, O, S, liii. (1897), 
p. 540. 

* Judd, Q. 7. O. 3. xxxlv. p. 736. « See note on p. 1137. 

* G. Shaniian and B. T. Newiion, QeoL Mag, (1896), p. 247. A. J. Jukes-Browne and 
J. Milne, oj), cit, (1898), p. 21. 
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From tliis table it will be perceived bow marked a lithological difiference is traceable 
between the Oretaceoxis deposits of the north and south of Fiance. The northern area 
indeed is linked with that of England, and was evidently a part of the same great basin 
in which the English Ci’etaceous rocks were deposited. But in the south, the aspect of 
the rooks is entirely changed, and with this change there is so marked a difierence in 
the accompanying organic remains as to indicate clearly the separation of the two 
regions in Cretaceous times. 

LowEit Cretaceous (Infiia-cr 13 TA 03 S). — ^Neocomian.^— This division is well seen 
in the eastern part of the Paiis basin. The lowest dark marl, resting iiTegularly on the 
top of the Portlandian series, indicates the emersion of these rocks at the close of the 
Jurassic period, and may represent the Valanginian stage. It is followed by feiTuginous 
sands, calcareous blue marl, spatangus-limestones, and yellow marls (abounding in 
EcMnos 2 ^atagus {Toxaster) mnjplanaius, Keogjira Couloniy Baiyagodes {Pterocera) pelagU 
Eoplitcs radiatus, &c.), the whole having a thickness of 125 to 140 feet, and representing 
chiefly the upper or Hauterivian sub-stage. Much more important is the development 
of the Neocomian deposits in the southern half of Fiance. They present there evidence 
of deeper water at the time of their formation. The FTeuchatel type (p. 1204) is pro- 
longed into the northern part of Dauphine, where it is seen in a gi*oup of limestones, 
vdth Exogyra C&uloni, &c., in the lower, and Toxasier complaoiatus, &c., in the upper beds. 
Southwards the limestones are mostly replaced by marls, and the whole at Grenoble 
reaches a thickness of more than 1600 feet, resting on the upper Jurassic limestones 
with Tercbmtula diphyoides, and separable into a lower or Valanginian group, witli 
Ha/npagodes pelagic Ostrea 0. nmeroptera^ Pygurus rostratusj &c., and an upper 

or Hauteiivian group, with Eqplites radiatus, E Icopoldimts, Orweeras Ihimlit Eelemnitea 
dilalatiis, EhyncJbonella, p&ragrvm, 

TJrgonian. — ^This name was given by D’Orbigny to a series of massive limestones 
(1160 feet) developed at Orgon in the lower valley of the Durance, and marked by the 
presence of Ealmx%iteB B* dilatatua, in the lower part ; EcMnospatagiLa complanatua^ 
Exogjp'a Oouloniy Eeithca {Janira) atam, &c., in the central thickest portion ; and 
JUcIdnospcUagus ricoo'deamis, Ancyloceras, Crioccrcis, &c., in the upper band. The 
Caprotina limestone of Orgon is a massive white rock, sometimes 1000 feet thick, 
remarkable for the abundance of its hippuritids, Bequienia ammoma, E {Toucema) 
Loiisdalei, E, gryphoidcs, gigantic foims of Neriii&a, and corals. This type of sedi- 
mentation is so local in its occuiTence, and is so apt to reappear on different horizons, 
that some geologists have advocated the abandonment of the term Urgonian and the 
adoption in its place of “ Barremien,” from Ban-Sme in the Basses Alpes, where a group 
of strata above the Hauterivian stage is well developed, and contains a distinct pelagic 
fauna, which, however, is not found in the north of Europe. At Ban‘6me the group 
consists of lower white marly limestones, and an upper grey marly limestone, with 
MacroscapMtes Ivmii, Deanioceraa difficile^ Lytoaaras Phestus, Phyllocercbs 
The more argillaceous and sandy type of sediment, which is shown in England by the 
Atherfield Olay and its equivalents, extends into the northem Cretaceous basin of France, 
wh^re it appears in a soiies of sands and clays which in Haute Marne are from 60 to 80 
feet thick, and contain Ecliinoapatagus {Toxaatcr) ricordeanus, Ostrea L&ymmid, &c.® 


1 See D’Archiac, MHx. /Soc. QH, France, 2® scr. ii. p. 1, Raulin, op. cit. p. 219. 
Ebray, BuU. Soc, 0%d. Fu'ance, 2® sor. xvi. p, 213 ; xix, p. 184. Comuel, Brdl. Soc. O€ot. 
Fntrm, 2® scr. xvii. p. 742 8® scr. ii. p. 371. Hebert, cp. dt. 2® ser. xxiv. p. 328 ; zxviii. 
p. 137; ^prix. p. 394. Coquand, cp, dt xxiil. p. 661. Rouville, op. cit. xxix, p. 723. 
Bleicher, cp. cit. 3® s6r. ii. p. 21. Toncas, op. dt. iv. p. 316. Kilian, op. dt xxiii. 

® Professor De Lapparent (“ Traite,” 4th edit. p. 1318), brackets the ** Punfield Beds ” 
and the Atherfield Clay as the English equivalents of the Barremian stage ; but, os already 
pointed out {ante, p. 1186), the “Punfield Beds” have no existence, apart from the general 
mass of the Lower Greensand to which they belong. 
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Aptiau. — In the typical district round Apt in Yancluse, this stage consists of a 
lower group of blue marls (Manies de Gargas), with FlicatiUa jilacuneaj Hoplitcs 
JDufmioyi, PlacaUiccras Kisits, Ontrca aquAla^ Bdcmnites scmicatudimlatuSt followed by 
yello\\’ish marly limestone with Ancyloceraa rmauxiobimm and Ostrca aquila, Tlie stage 
swells out in the Be Joule to a thickness of nearly 1800 feet, consisting of marly lime- 
stones and marls in \4rhich uncoiled ammonites like Ancyloccras are specially conspicuous. 
Among the more prominent fossils in the lower part are species of Plicatuht with 
Ancyloccras Matlwi'om and JSoplites fi&skostatm ; in the upper part come Bclcpviitcs 
semica.naliculat'us, Douvillcicei'cis cormtelianimi, Placc'iUiceras Eisvs, Hoplitcs Hufrcnoiiii 
&c. In northern France the Aptian stage is chiefly clay, Anth Plicatula plcuiunca^ P. 
radiola, hence the name “Argileii Plicatules.” Near St. Dizier, Haute Marne, the 
lower beds are likewise clmracterised by Tcnrchrainlci sella, Ostrea aqiula; the middle by 
Douvilleiceras cornuelianum, Aiicyloecras Matherwii; the upper by Placmticcras Nisiis, 
Hoplitcs Deshayesi. 

The English type of strata from the Weald upwards is prolonged into France. 
Fresh-water sands and clays (with CTuio and Cyrcim), found above the Jurassic series in 
the Boulonnais, evidently represent the Weald, and are covered by dark green clays and 
sands, which are doubtless a continuation of the Folkestone beds, and by a thin blue 
clay which represents the Gault. Again, in the Pays de Bitty, to the west of Beauvais, 
certain sands and clays resting on the Portlandian strata represent the Wealden series, 
and are followed by others which may be paralleled with the IJrgonian, Albian, and 
Gault.^ 

In Belgium the Cretaceous system is underlain by certain clays, sands, and other 
deposits belonging to a continental period of older date than the submergence of that 
region beneath the sea in which were deposited the uppermost Ncocomian beds. Those 
scattered continental deposits were grouped under the name of “ Aacbenian,”*-^ for wliich 
is now substituted Bernissartian.” That at least some i>art of them belongs to older 
Neocomian time, and may be coeval with the Weald, may be inferred from the remark- 
able discovery at Bernissart, already alluded to, where, in a buried system of Cretaceous 
ravines, remains of the terrestrial and fliiviatile life of the time have been well pre- 
served {a'ivte, p. 1175). The deposit in which these remains have been found consists 
of fluviatile sands and clays lying under the Chalk, w’hich has been pierced in order to 
reach the Coal-measures below. The fossils include the complete skeletons of more 
than twenty individuals belonging to at least two species of Iqmmodon, together with 
numerous turtles and fluviatile fishes {Lepidotus, Ophiopsis). The plants include a 
number of ferns {Sagenoptems MantcUi, Matoovidimn QoippcHi, Lacmptcris Limkeri, 
Onydiiopsis Mantelli, Pniffordia Goepperti, Wciclmlia MantcUi, Splieiioptcris, dado- 
phlchis), and some conifers {Pinites, Oonites),^ 

Upper Cretaceous (SiiiiiE SupRA-cniSTAckE). — Tlie Upper Cretaceous rooks of 
France have been the subject of prolonged and detailed study by tlie geologists of that 
country. •* The northern tracts foim part of the Anglo-Parisian basin, in which the 

^ Wealden deposits have been described as occurring oven as far south as the province of 
Santander, Spain. A. Gonzolerz de Linares, Amd, Jilsp, Hist Hat vii (1878), p. 487. 

® On the Aachenian deposits see Burnout, ‘ Terrains Crctaccs ot Teitiaircs ’ (etlited by 
M. Mourlon, 1878), i. pp., 11-52. Mr. Purves of the Belgian Geological Survey propostvl 
to substitute Bernissartian for Aaclieuiau to distinguish the Belgian deposits from the very 
distinct and later type seen at Ais-la-Chapelle, Jfus. Boy, Hat Hist Bely, ii. (1883), 
p. 163. See also B. Van den Broeck, Bull, Soc, Bdg, Uhl, xiv. (1900), p. 46. ^ 

3 E. Bupout, Bull, Acad. R, Bely, xlvl (1878), p. 387 ; L. Bollo, Bull. Mus. Roy, 
Hist. Hat. Brussels, ii. (1883), p. 303 ; A. C. Seward, Mon. Mas, It Hist H<d, Brussels, 
b (1900). 

^ Notably by MM. Hubert, Touoas, Coquaud, and Cornuel. As alreatly stated, consider- 
able differences exist among French and Swiss geologists as to the nomenclature and the lines 
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Upper Cretacooua rocks of Belgium and England were laid down. The same pulajonto- 
logical characters, and even in great measure the same lithological composition, prevail 
over the whole of that wide ai*ea, which belongs to the northern Cretaceous province of 
Europe. Apparently only during the early part of the Cenomanian period, that of the 
Rouen Chalk, did the Anglo- Parisian basin communicate with the wider waters to the 
south, which wore bays or gulfs freely opening to the Atlantic. In these tracts a 
notably distinct type of Cretaceous deposits was accumulated, which, being that of the 
main ocean, covers a much larger geographical area and contains a much more widely 
di (fused fauna than are presented by the more limited and isolated northern basin. 
There are few more striking contrasts between contemporaneously formed rocks in 
adjacent areas of deposit than that which meets the eye of the tmveller who crosses from 
the basin of the Seine to those of the Loire and Garonne. In the north of France and 
Belgium, soft wdiite chalk covers wide tracts, presenting the same lithological and scenic 
characters as in England. In the centre and south of France, the soft chalk is replaced 
by hard, craggy limestone, with comparatively few sandy or clayey beds. This mass of 
limestone attains its greatest development in the southern part of the department of 
the Dordogne, where it is said to be about 800 feet thick. The lithological differences, 
however, are not greater tlian those of the fossils. In the north of France, Belgium, 
and England, the singular molluscau family of the Rudistte (Hippur^tidae and Radiolitidie) 
ap]>eai*s only oc(*.asionally and sporadically in the Cretaceous rocks, as if a stray individual 
had from time to time found its way into the region, but without being able to establish 
a colony there. In the south of France, however, the Irippnrites occur in prodigious 
(prantity, often mainly composing the limestones, hence called hippurite limestone 
(Rudisten-Kalk). They attained a gr‘eat size, and seem to have gr'o\vu on extensive 
banks, like our modern oyster. They appear in successive species on the different stages 
of the Cretaceous system, and can ho used for marking palaeontological horizoas, as the 
ceplialopods are employed elsewhere. But while these lamellibranohs played so im- 
portant a part throughout the Cretaceous i>eriod in the south of France, the numerous 
ammonites and helcmnitcs, so characteristic of tlie Chalk iu the Anglo- Parisian basin, 
wero comparatively rare there. The very distinctive type of hippurite limestone has so 
much wider an extension than the northern or Chalk type of the upper Cretaceous 
system that it should bo regarded as really the normal development. It ranges tlirough 
the Alps into Dalmatia, and round the gr6at Mediterranean basin far into Asia. 

Albiaii.^ — The thin blue clay above alluded to as representing the English Gault 
iu the Boulomiais contains such representative fossils as Do\mlUic&*a8 vmwinUlatmn, 
IIoplUr.9 inlcri'uptm, Scf(kcnh((chi(t rostreUa, Liocm^amus sulcatm, and Numla himrgata. 
The same sedimentary facies can be followed into the Paris basin, where the Albian stage 
consists of a lower green pyritous sandy member (Sables verts), 30 feet thick, covered 
by iiu upper argillaceous baud which represents the English Gault. These deposits con- 
tinue the English type round the northern and eosteim maipn of that basin. They have 
been found in de(ip wells around Paris. In the valley of tlxe Meuse and in the Ardennes 

of demarcation between the Upper Cretaceous formations, arising in great part from the 
varying aspeot of the rocks themselves, according to the region iu which they are studied. 
1 have followed mainly M. Hebert, whoso suggestive memoirs ought to be carefully read by 
the student. See especially his “ Ondulations de la Craie dans lo Bassin de Paris,” IL <S'. 
(u E, (2) xxix. (1872), p. 440 ; (3) iii. (1876), p, 612 ; and Ann. jSd. vii. (1876) ; 
“ Dosicrlptiou du Bassin d’Ucliaux,” Ann. aSW, Uiol. vi, (1875) ; “Terrain Cretace dos 
Pyreuf'OH,” Jl. K U. F. (2) xxiv. (1887), p. 328 j (3) ix. (1880), p. 62. The progi'ass of 
the study o?the zonal distribution of fossils has introduced a number of niiuor subdivisions, 
ami has given much assistance in the correlations of the formations iu widely separated 
ilislricts. 

’ Bee, besides the works already cited, Barrois, 21. S. <2. F. sAr. iii. p, 707 ; A nn. aSwc. 
OM. du Fml, ii. p. 1 ; v. p. 284 ; Reuevier, J3. K <L F. 2« sit. ii. p. 704. 
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tlie stage consists of three subdivisions : (1) a lower green sand {Doamllciccvas •imwil- 
latum\ with phosphatic nodules ; (2) a brick clay with Ho;pUtes lautiis, H, tubcrcuhitus ; 
(3) a porous calcareous and argillaceous sandstone {Gaize), containing a large percentage 
of silica soluble in alkali {^SchlcertihacMa rostraJta, &c.)* 

Cenomanian (Craie glauconieuse). — ^According to the classification of M. Hebert 
this stage is composed of two sub-stages : 1st, Lower or Rouen Chalk, equivalent to the 
Upper Greensand and Grey Chalk of England. In the northern region of Franco and 
Belgium this sub-stage consists of the following subdivisions ; a, a lower assise of glaucon- 
itic beds like the English Upper Greensand, containing Schloitihachia rostrala below 
andPccien as^er above (“ Roth omagian” sub-stage) ; Middle glauconitic chalk with 
L’umlUes tuhcrculatus, Holaster carinatiis, &c., probably equivalent to the English 
Glauconitic Marl and Chalk Marl ; c, Upper hard, somewhat argillaceous, gi*ey chalk 
with Holaster suhglobomts ; the threefold subdivision of this assise already given, is 
well developed in the north of France ; dj Calcareous marls with Actinocamax plcnns 
(“ Carentonian ’* sub-stage). 2nd, Upper or marine sandstone ; according to M. Hubert 
this sub-stage is wanting in the northern region of France, England, and Belgium. In 
the old province of Maine it consists of sands and- marls with Anorthopijgas orhicu- 
lariSy Ostrea colwhiiba, Trigonia crcmilata^ Aeanthoceras rotliomagensc, &c. Farther south 
these strata are replaced by limestones with hippmutes (Caprina adversa), which e.\tend 
up into the Pyrenees and eastwards across the Rhone into Provence. ^ Around Marseilles 
the stage has at its base a coarse sandstone (Atmithoocim Mavfdli, Pccten anper, Holaster 
8uhgloho8ii8. Orhitolim c&acava). Higher up come the hippurite limestones, with CapHna 
adv&i'say and in their middle a zone of marls and lignites. 

Turonian (Craie marneuse).^ — This stage presents a very different facies ticcording 
to the pai*t of the country whore it is examined. In the northern basin, according to 
M. Hebert, only its low’er portions occur, separated by a notable hiatus from the base of 
the Senonian stage, and consisting of marly chalk with Lioceramtts labialm, L Eronth 
niarti, EhyncJwnella Cuvienj Mammites nodosMcs, M. rusthus, Pachydiscfiis p&'amplvs, 
TerebmtuUna gi'acilis (“ Ligerian*' sub-stage). Ho placed the zone of Holaster ^dan iis 
at the base of the Senonian stage, and believed that in the hiatus between it and the 
Tiu’onian beds below, the gi-eater part of the Turonian stage is really wanting in the 
north. On the other hand, Dr.'BaiTois and othera would rather regard the zone of 
Holast&i' pla%m as the top of the Turonian stage (“Angoumian” sub-stage). In the 
north of France, as in England, it is a division of the White Chalk, containing Fadiy- 
discxis perampluSi Scaphites Geinitzii^ Spcnidylm s:pinosus, Inoctrt'amxis i/ntcqiUval'ois, 
Tercbratula smdgldbosa, Holastm' plaivas, Vmirmdites menUlifems, &c. Strahi with 
Inoceramxxis lahiatus^ marking tlie base of the Turonian stage, can be traced through tlu^ 
south and south-east of Fi’ance into Switzerland. These in Provence consist of niarhs 
with Mammites nodosoides, which are covered by marls, sandstones, and massive limestones 
with Ostrea columha and enormous numbera of hippuiites {Hiiypurites cormmtccmwmy 
BiradiolUes comu-pastoHs, &c.). These hippiu’ite limestones sweep across the centre of 
Europe and along both sides of the gi-eat Mediterranean basin into Asia, forming one 
of the most distinctive landmarks for the Cretaceous system. A distinguishing feature 
of the stage at the Etang de Berre is the xireseuce in it of a laminated clay containing 
leaves of dicotyledonous plants {Myrioa, Magmlia, Salix), together with cyoads and 
conifers. 

1 See the memoir on the Upper Cretaceous Rocks of the basin of Uchaux (Provence) by 
Hebert and Toucas, Ann, Saiences OSol, vi. (1875). 

2 For a review and parallelism of the Turonian, Senonian, and Daniau stages in the 
north and south of Europe see Toucas, B. S. G, E. 3“® s6r. x. (1882) p. 164 ; xi. p. 344 ; 
xix. p. 606 ; for a general description of the formations in the south-east of France, sec 
Fallot, Ann. Sd. GSd. xviii. 1, 1885, and B, S. G. (3) xiv. (1886), p. 1. The memoir 
of M. Grossouvre cited on p. 1181 should be consulted for the Upper Cretaceous formations. 
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Senonian. — This stage is most fully developed in the northern basin, where it 
consists mainly of White Chalk in two divisions ; Ist, Lower (Emscheiian), separable into 
two sub-stages, in the lower of which (Ooiiiacian)ijridjrasicr cor-testudinarium, and in 
the upper (Santonian) M. coi'-angtiimim is the prevalent urchin. The same palieonto- 
logical facies occurs in these as in the corresponding strata of England. 2nd, Upper 
(Oampauiau), Belcmuitclla sub-stage, formed of the Reims Chalk below ActiTiocaMo^ 
(luadratiiHj MiGi^asto' fastvjiUiis, M. glyptus, and the Chalk of Compiegne and Meudon 
above, with Rol&nyniitcllw muGTomttcbf Maga^ pumihiSf Micraster JSrongniartif Ostreu 
vcsiculft7’is. In the south and south-east of Finance the corresponding beds consist of 
limcstoiios, sandstones, and marls, with abundant hippmites, and also include some 
fresh- water deposits and beds of lignite. 

Keference may hero bo made to the marked abundance of phosphate of lime in some 
parts of the chalk iu noi*thern France and Belgium. The white calcareous chalk 
occasionally becomes grey in colour from the abundant grains of phosphate of lime 
diapei*sed through it. This structure vcrtirr.’-'-ly developed in Picardy at the base 
of the zone of AciL7iocavuui (jtcndraftUSf .!i. i • • • : !;■ at the bottom of synclinal folds of 

the strata. It is local and lenticular in its occurrence, but it has given rise to an active 
industry.^ 

Daniau. — This subdivision of the Cretaceous system is specially developed in the 
northern basin. In the neighbourhood of Paris and in the depai'tment of Oise and 
Marne, a rock long known as the ‘‘Pisolitio Limestone” occurs in patches, lying uncon- 
formably on the dillcront parts of the Chalk. It has been ascertained, how'ever, that 
these outliers arc not all of the same age, and that some of them belong to the very latest 
parts of the Oretimooufl scries, or foimi jjassage-bods into the Tertiary formations.^ The 
long interval which must have elapsed between the deposition of the highest Senonian 
beds and tlieso limestones is indicated not only by the evidence of great ei’osion of the 
Chalk, but «ilso by the marked |>alniontological break between the two rooks. The 
genoi’al aspect of the fossils resembles that of the older Tertiary formations, but among 
tlicm arc some uirdorrbtod Cretaceous species. In what are regarded as the oldest of 
these deposits (Moutoreau and the Bois d’Esmans) they consist of hard, somewhat 
coarse-grained limestones with Ketthca qiiadricostata and Nmtikis licbG7'tinu$, The rest 
of them, grouped in the latest (Montian) sub-stage of the Cretaceous system, have a lower 
division of concretionary limestones, mainly birilt up of calcareous algce [Lithotka^nnium) 
with Fkwrotmmrmpn'mUtima and hrrge forms of Ceritlimm, N&ithea quadricostata, Zwia 
ic,diii NmMm dmvmH, associated with a number of later types found also in the upper 
division. Tlris latter portion of the series comprises the Calcaire de Meudon (6 or 7 feet), 
surmounted by marls that have beerr formed by tiro decay of the limestone. This 
calcareous band is mainly formed of forarainifera, eohinids {Cidaria Tonibechi, Qoniopygus 
with some calcai’cous alg<e, large Ccrithimiu, T%Titclla monte^nsis^ FsmdoUm 
rohusUibi Mit 7 'a Dewedquei, Remnants of a fresh-water formation are found at the top, 
shown by the occurrenco of FivlpaniSt Ph/ysa, and other* lacustrine shells. 

In the south-east of Belgium the Danian stage is well exposed, resting unconformably 
on a denuded surface of chalk. In Hainault, it consists of successive bands of yellowish 
or greyish chalk, between some of which there are surfaces of denudation, with perfora- 
tions of boring mollusks, so that it contains the records of a prolonged period (Tuffeau 
do Ciply, Calcaire do Mous). The Tuffeau de Giply lies on the phosphatic 'White Chalk 
with liiirts forming the top of the Senonian stage. It is a palo limestone, whioir iu the 
lower part {J'vffctm de St. SyviplLorien) contains an obviously Cretaceous fauna, includ- 
ing BaciUitcs Eaiijasi, Neitlim guado'icostata, Terehratula camca, 

1 J. Gosselot, A tm. Sue. OSol. No-rd. xx. (1893), p. 371 ; xxi. p. 2 ; xxiv. pp, 109, 119 ; 
xxix. p. 66. M. do Mercy, B, S. (J. F. 3*^® sor. xv. p. 719. J. Cornet, Aim. Sot. <JioL 
Edge, xxvil. (1900). 

- Memiicr Ohaliuas, B. B. <!. F. 3® wt. xxv. p. 82. 

VOL. n 2 k 
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Crania igndbergensis. The upper part, though like the lower in lithological character, 
contains a remarkably diiferent fauna, consisting largely of gasteropoda like those of the 
Mons limestone, while bryozoa abound in certain layers associated with echinids and 
brachiopods of Cretaceous species. The Calcaire de Mons, which reaches a thickness of 
about 300 feet under the town whence it takes its name, lies on the White Chalk, and 
is immediately overlain by the Tertiary formations. It is. a coarse, yellowish limestone 
composed of foraminifera, calcareous algae, and other organisms, which have a strikingly 
Tertiary aspect, since they include species of Triton^ FimtSy and PscudoUva, together 
with fresh- water or terrestiial forms, such as Piipa^ Physa, and 

Another well-known representative of the highest Cretaceous deposits in the Frau co- 
Belgian area is the chalk or tutfeau of Maestricht. As at Oiply and Mons, it is 
separated from the Senonian chalk below by a gravelly layer indicating considerable 
previous erosion of the older formation. It has yielded a remaikably abundant fauna, 
including many familiar upper Cretaceous species — Beleninitella mucronata, Baculites 
Faujasi^ B, anceps, Naxdilus Dekayi, Scaphites constridus, Ostrea vesicularis, Crania 
igxmbergexisisy THgonosemm {Fissunroatra) Palissii (characteristic), Heani^mcustcs striato- 
radiatus, Gidao^ Faujasit numerous bryozoa (Eschara and other genera), some hippurites 
(Sippurites Lapoirousei, JSpTissrxolites Emninghausi), fishes {Acrodus, Cmu\ Exichodus, 
Otodns, P}jciv[>du8\ and the remains of the last of the great Ci’etaceous mosasaurs. 

The later members of the Cretaceous system, representing perhaps the period of the 
Maestricht Chalk, emerge from under the Tertiary foimations of the vast Aquituuian 
plain. In the deiDartments of the Charentes the so-called “ Dordonian sub-stage, which 
is paralleled mth the Maestrichtian, is well developed in a mass of limestones about 
250 feet thick, containing numerous hippurites together with Ecmiaster pnixiclla, Ostrea 
0. aeiitirostx'is, Splmtodmus, Padhydiscus, Scaphites, At the top of these 
marine beds lies a group of sandstones about 50 feet thick, which show traces of the 
advent of fresh water. The evidence of this important geogi'a^diical change becoDies 
still further marked to the south-east in Provence, where there is striking proof of a 
gradual shallowing of the Upper Cretaceous sea, until that ai’ca liad become a fluviatilo 
or lacustrine tract, in which during the later stages of the period a mass of fro.sh- water 
strata more than 2600 feet thick was accumulated. This enoimous development of sedi- 
ments consists of limestones, marls, and lignites grouped in the following subdivisions ; 
(«) Lower limestones with BuUmvs prdboscidens and CyclopJiarus Echcfi'ti; (J) beds with 
lignite which at Fuveau are more than 1200 feet thick ; (c) limestones with Lychm^t, 
Physa, Cyclophonf^, AnosUmwpsis ; (d) reptiliferous sandstones and limestones with 
LycTmus, Physa, &o. The second group of strata (5) shows a remarkably thick accumu- 
lation of fluvio- lacustrine deposits with numerous seams of lignite or coal (some of 
them 5 feet thick), bones of crocodiles, and numerous fresh- water or e.qtuariuo shells 
{CerUhium^ Melania^ MelanopsiSf Unio^ Cyr&na),^ 

Germany. —The Cretaceous deposits of Germany, Denmark, and the south of 
Sweden were accumulated in the same northern province with those of BriUin, the 
north of France, and Belgium, for they present on the whole the same pala?.ontological 
succession, and even to a considemble extent the same lithological characters. It would 
appear that the western part of this region began to subside before the eastern, and 
attained a greater amount of depression beneatla the sea. In proof of this statement, it 
may be mentioned that the Neocomion clays of the norih of England extend ns far as 
the Teutoburger Wald, but are absent from the base of the Cretaceous system in Saxony 
and Bohemia. In north-west Germany, Neocomian strata, under the name of Hils, 
appear at many points between the Isle of Heligoland (where representatives of part of 
the Speeton Clay and the Hunstanton Red Chalk occur) and the cast of^runswick, 

1 MM. Rutot and Van den Broeck, Ann. Sue. mol. Bdye. xii. xiii. ; Cornet ami 
Briart, B. S. G. F, 3“* ser. ii. 

* Matheron, B. S, G. F. 2®® ser. xxi. ; 3“* ser. iv. ; Collot, op. cU. xix. 
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indicative of what was, doubtless, originally a continuous deposit. In Hanover, they 
consist of a lower series of conglomerates (Hils-coiiglomei’at), and an upper group of 
clays (Hils-thon). Appearing on the flanks of the hills which rise out of the great 
drift-covered plains, they attain their completest development in Bninswick, where they 
attain a total thickness of 450 feet, and consist of a lower gi’oup of limestone and sandy 
marls, with Echinospatagiis {Toxcuiier) cmnplanaim, Exogyra Couloivi {sinuata), Toly- 
ptichites hidichotoviius, Olcostephanua {Astieria) asticriamis, and many other fossils ; a 
middle gi-oup of dark blue clays with Belcmnites hrwiscwemsis^ JPlacefiUicercis Nisus, 
Crioceras (J^icyloceras) Emm'icii Exogyra Cmloni (sinv-ata), &c., and an upper group of 
dark and whitish marly clays with Eouvilleiceras Martini, HopUtes Deshayesi, Tlamiti- 
ceras Nisus, Bclemnites Ewaldi, Toxoccras ? royerianum, Grioceras, &c.^ Below the 
Hils-thon in Westphalia, the Harz, and Hanover, the lower parts of the true marine 
Neocomian series are replaced by a massive fluviatile formation corresponding to the 
English Wealden, and divisible into two groups : 1st, Deister sandstone (150 feet), like 
the Hastings Sand of England, consisting of fine light yellow or grey sandstone (forming 
a good building material), dark shales, and seams of coal varying from mere partings 
up to workable seams of three, and even more than six, feet in thickness. These 
sti’uta are full of remains of terrestrial vegetation {Equisctum, Baiem, Olea'ndridkm 
Laccoptei'is, Sagenopteris, AnorrwzawMea, Btcrophyllxm, Podozamites, and a few conifers), 
also shells of fresh-water genera {Gyrena, Vivipax'us), cyprids, and remains of Lepidotus 
and other fishes ; 2nd, Weald Olay (65-100 feet) with thin layers of sandy limestone 
{Qyrena, Unio, Vimpanis, Melania, Cypids, &c.).‘-* The Gault (Aptian and Albian) of 
north-western Germany contains three groups of strata. The lowest of these consists of 
pale clays and marls (Gargas-Mergel) with Bclemnites Ewaldi, DonmlUiceras MaHini, 
JffoplUes Deshayed. The middle (zone of Bclemnites Stromhccki) consists of a lower clay 
with Acanihoceras milletiamim and an upper clay with Eoplites tardefurcatus. The 
highest contains at its base a clay with Bclemnites mmimxos, and at its top the widely 
diffused and characteristic “ Flammenmergel ” — a pale clay with dark flame-like streaks, 
containing the zone of SchlcsnhacMa rostrata, HopUtes lautas, &c.^ In the Teutoburger 
Wald the Gault becomes a sandstone. 

The Upper Cretaceous rooks of Germany present the greatest lithological contrasts to 
those of France and England, yet they contain so large a propoiiion of the same fossils 
as to show that they belong to the same period, and the same area of deposit.'*' The 
Cenomanian stage ( = Unterer Planer) consists in Hanover of earthy limestones and 

^ A. von Strombeck, Z, 1), G. G, i. p. 462 ; xiL p. 20 ; N. Jcdirh, 1855, pp. 169, 644 ; 
Judd, Q. J. (/. S, xxvi. p.' 343 *, Vacek, Jcdi/A). (JeoL RcicHisansL 1880, p. 493. 

2 W. Bunker, ‘ Ueber den norddeutsch. Wfilderthon, u. s. w.,* Cassel, 1844 ; Bunker 
and Von Meyer, ‘ Monographic der norddeutsch. Wtilderbildung, u. s. w.,’ Brunswick, 
1846 ; Heinrich Credner, ‘Ueber die Gliederung der oberen Jura uud der Wealdenbildung 
in nordwestlichen Beutschland,* Prague, 1863; 0. Stnickmanu, ‘Bie Wealden-Bildungen 
der Umgegend von Homiover,* 1880 ; A. Schenk on the Wealden Flora of North Germany, 
PalfoontograpHca, xix, xxiii. ; Gugel, Jahrh* Freuss, OeoL LaxidesamU xiv. (1898). p. 168. 
A. Hosius has described the intercalation of marine beds containing Ostrea, Encida, 
OuGiilliva, and BkittocoraUinm in the Westphalian Wealden series, Z. J), G, G. xlv, 
(1898), pp. 34-64. A. von Koenen has recently grouped the north German Lower Cretaceous 
series in accordance with the dassid cation adopted for the formations on the north side of 
the Alps. Nadir. Ges. Wise. Giittuigen, 1901, 1902. 

® frW. Mag» vi. (1869), p. 261. A. von Strombeck, Z. I). G. G: xlii. (1890), p. 657. 

On the clistribution of the Cephalopods in the Upper Cretaceous rocks of north Germany, 
see C. Schlliter, Z. D. G. G. xxviiL p. 467, where the formations are grouped in palaeonto- 
logical zones {Oeol. Mag, 1877, p. 169), and Falsiontographim, xxiv. pp. 123-263, 1876. 
For the Jnocerami, Z. I), G, G, xxxix. p.* 735 ; Echinids, ante, p. 1168. For the lithological 
facies of the Saxon Cretaceous formations, see W. Petrascheck, Isis, Bresden, 1899, Heft. ii. 
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marls (Planer), ■which traced southward are replaced in Saxony and Bohemia by 
glauconitic sandstones (Unter-Quader) and limestone (XJnter-Planerkalk). The lowest 
parts of the formation in the Saxon, Bohemian, and Moravian areas are marked by the 
occurrence in them of clays, shales, and even thin seams of coal (Pflanzen-Quader), con- 
taining abundant remains of a ten*estiial vegetation which possesses gi*eat interest, as 
it contains the oldest known European foims of hard-wood trees (willow, ash, elm, laurel, 
&c.). The Turonian beds, traced eastwards, from their chalky and marly condition in 
the Anglo-Parisian Cretaceous basin, change in chai'acter, until in Saxony and Bohemia 
they consist of massive sandstones (Mittel-Quader) with limestones and marls (Mittel- 
Pldner). In these strata, the occurrence of such fossils as Inoccramiis lahiatus^ 7. 
BvoTigniarti, Padiydiscus pemmpliLSj ScapJtiies GeinitzU, Spondyhi.^ spinosuSi Terchratula 
aemiglohosa, &e. , shows their relation to the Turonian stage of the west. The Senonian^ 
stage presents a yet more extraordinary variation in its eastern prolongation. The soft 
upper Chalk of England, Prance, and Belgium, traced into Westphalia, j)asses into sands, 
sandstones, and calcareous marls, the sandy strata increasing southwards till they assume 
the gigantic dimensions which they present in the gorge of the Elbe and throughout the 
picturesque region knoxvn as Saxon Switzerland (Ober-Quader).*'^ The horizon of these 
strata is well shown by such fossils as Aetimeamax qitadratus, Belemnitella mucrmiata^ 
Nautilm danicus^ Marmpites testudinarius^ Bow'giicticrimis ellipticm^ Crania igTiahcr- 
gensis, &c. 

At Aix-la-Chapelle an exceedingly interesting development of Upper Cretaceous 
rocks has been found. These strata, referable to the Senonian stage, consist of a lower 
gi'oup of sands with Iiioceramua lobatiis, Actmoeamax guadmtuSs and abundant remains 
of terrestrial vegetation (p. 1165), and an upper group of marl and marly chalk witli 
Belemnitella rnxicTO’mta^ Ostrea resimlarisj Crania ignalergcns'iSf Mosasauirafs^ Hic. 

S-witzerland and the Chain of the Alps.*— In the Jura, and especially round Neuchdtel, 
the Neocomian stage is typically developed. Its name and those of its t%vo sub-stages 
have been taken from localities in that region where they are best seen (p. HOG). 
(1) Valanginian— a gi’oup of limestones and marls (150-400 feet) with Echinospatagua 
{Toxaster) Oampichd, Pygimis rostratus, Strmnbus SaxdieH {Natica LcviaHian), Nerma'a 
gigantea, Cidaris Mrsvta, '7- ”•7' 7-, B. dilatatics, Oanpwticei'as gcmiliamnn, 

&c. ; (2) Hauterivian — a mass of blue marls siiimounted by yellowish limestones, the 
whole ha-ving a thickness that varies up to more than 300 feet ; EMnospatagxix {Toxaster) 
coniplaTiatuSy Ostrea Coxiloni, Neitlisa {Janira) atavay Perna MnZlcti, Nautilus pseudo- 

^ The Senonian stage of N.W. Germany has recently been more specially studied with 
reference to its palgeontological zones. The Lower Senonian is marked by the abundance of 
Actimeamax {Beleimiitella), with A. xvestfaliGus in the lower part, ^4, granulatm in the 
middle, and A, qxiadratus at the top. The Upper Senonian is subdivided into two stages, 
of which the lower is characterised by Beleunnitella miicroxiata, while the upper (without 
Belemnitella) is regarded as equivalent to the Danian of Denmark. E. Stolloy, Arvhlr. 
Anthrop. Ueol. Scfdeswig-Eolst. 1897, ii. p. 271 ; G. Miiller, Zeitach. PrahL OeoL 1900, p. 
397 ; Z. B. O. G, 1900, p. 38. 

- G. Maas {Z, D. (1. G. li. (1899), p. 243) describes the Lower Chalk of the sub-liercynian 
Quadersandsteiu. 

3 For a list of these plants see H. von Dechen, ‘ Geol. Palaont. tfborsicht dei* Rlioiii- 
provinz,* &c. 1884, p. 427? 

* Studer’s ‘Geologie der Schweiz.’ Giimbel, ‘ Geognostiche Boschreib. Buyer. Alpen,’ 
voL i. p. 517 etseg.; ‘ Geognostische Beschreib. des Ostbayer. Grenzegebirg.’ 1868, p. 697. 
Jules Marcou, Soa Geol. Eraxioe (2), iiL P. de Loriol, ‘InvertcbrSi de rfitage 

N4ocomien moyen du Mt. Salive,’ Geneva, 1861. Renevier, B. K G. P\ (3) iii. A. Favre, 
Md. The Maps and Memofrs in the Beiimge ». Geol. Karte d&r BchxwUs, especially tlie work 
of Mosch, Baltzer, and Burckhardt. Von Hauer’s ‘ Die Geologic der Ocsterr. Ungar. Monarchic, 
1878, p. 506 et seq. B. Fraas, ‘Scenerie der Alpen.* 
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elcgam, MoplUcs radiatus, E, leopoldimis, OlcostepTutnm {Astieria) a$tienan 2 iSj 
pistilliforTiviSj B, dilataiiui, &c. The Aptian and Albian stages (Gault) are recogniSW^ 
in a thin band of greenish sandstone and marls which have long been known for their 
numerous fossils (Perte du Rhone, St. Croix). 

In the Alpine region, the Neocomian formation is represented by several hundred 
feet of marls and limestones, which form a conspicuous band in the mountainous range 
separating Berne from Wallis, and thence into eastern Switzerland and the Austrian 
Alps (Spatangenkalk), Some of these massive limestones are full of hippuiites of the 
Qaprvm gi'oup (Caprotinenkalk, with Jtcguienia (Toucasin) Lmsdalei^ Badiolites 
'iiRomniensis^ &c.), others abound in polyzoa (Bryozoenkalk), others in foraminifera 
(Orbitolitenkalk). The Aptian and the Albian stages traceable in the Swiss Jura can 
also be followed into the Alps of Savoy. In the Vorarlberg and Bavarian Alps their 
place is taken by calcareous glauconite beds and the Tunilite gi‘eensand (T. Bergeri ) ; 
but in the eastern Alps they have not been recognised. The lowest portions of tlie 
massive Caprotvm limestone (Sehrattenkalk) are believed to be Neocomian, but the 
higher parts are Upper Ci*etaceous. 

One of the most remarkable formations of the Alpine regions is the enormous mass 
of sandstone which, under the name of Piysch and Vienna Sandstone, stretches from 
the south-west of Switzerland through the northern zone of the mountains to the plains 
of the Danube at Vienna, and thence into the Carpathiaira^ Fossils are exceedingly 
rare in this rook, the most frequent being fucoids, which afford no clue to the geological 
age of their enclosing strata. That the older portions in the eastern Alps are Cretaceous, 
however, is indicated by the occuiTence in them of occasional Biocevamit and by theii* 
interstr’atification with time Neocomian limestone (Aptychenkalk). The definite sub- 
divisions of the Anglo- Parisian Upper Cretaceous rocks cannot be applied to the structure 
of the Alps, where the formations are of a massive and usually calcareous nature. In 
the Vorarlberg, they consist of massive limestones (Seeivenkalk) and marls (Seewen- 
mergel), with Aca/nUiocei'as MaivtelU, TvmlUes costcUiiSi InocerawAis striaius^ Eolaster 
cannatAvs, &c. In the norih-castem Alps, they present the remarkable facies of the 
Gosau beds, which consist of a variable and locally developed group of marine marls, 
sandstones, and limestones, •with occasional intercalations of coal -healing fresh -water 
beds. These strata rest unconformably on all rocks more ancient than themselves, 
even on older Cretaceous groups. They have yielded about 500 species of fossils, of 
which only about 120 are found outside the Alpine region, chiefly in Turonian, partly 
in Senoniaii strata. Much discussion and a copious literatm’e has l)een devoted to 
the histoiy of these deposits.^ The loosely imbedded shells suggested a Tertiary age 
for the sti’ata ; but their banks of corals, sheets of orbitolite- and hippurite-limostone 
and beds of marl with Amtnaiiitcs, inoecrem/i, and other truly Cretaceous forms, have 
left no doubt as to their really Upper Cretaceous age. Among their subdivisions, the 
zone of EippuHtes conm-vcLCcinum is recognisable. Tliey probably represent the upper 
part of the Turonian and the whole of the Senonian stages. From some laoustrine beds 
of this age, near Wiener Keustadt, a large collection of reptilian remains has been 

1 See K. M. Paul, *‘Der Wienorwalcl: Bin Beitrag zur Kenntniss der nordalpinen 
Flyschbilduugon,” JahrK k, k, <hol, RMist, 1898, pp. 53-178. 

“ See among other memoirs, Sedgwick and Murchison, Tram. Uedl, Soc. 2nd ser. iii. 
Reufls, Derdcachiift. Akcul. WUn, vii. 1 ; SUsh. Alml .\i. 882. Stoliezka, BitA). 

AMI. Wwh, xxviii. 482 ; Iii. 1. Zekeli, Abhomdl ifeol. BeicManst, Wien, i. 1 (Gasteropods). 
F. von Haflter, Bitzb. Akad. Wien, liu. 390 (Cephalopods) ; ‘Paleeont. Oeaterreich,^ i. 7; 
‘Geologic,’ p. 616. Zittel, Benkscfiri/t. Akad. Wien, xxiv. 106; xxv. 77 (Bivalves). 
Biiuzol, AhlmulK Oeol. Reichmmt. v. 1. Gttrabel, ‘ Geoguostische Beschreib. Bayerisch. 
Alpeii,’ 1861, p. 517 et eeq, * Redtenbacher, Ahimidd. Ged. Bdi6hmmt. v. (Cephalopods). 
Taufich, VeAmidl. k. k. Geol. Reickmmt. 1886, p. 180. H. Kynaston, Q. /. G. S. L 
(1894), p. 120. 
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obtained, including deinosanrs, cheloniaiis, a crocodile, a lizard, and a pterodaotyle — 
in all fourteen genera and eighteen species.^ Probably more or less equivalent to the 
Gosau beds are the maasive hippurite- limestones and certain marls, containing Belem- 
nitclla mucrwiaZa, Echimccn'ys milgariSi & q ., of the Salzkammergut and Bavarian Alps.'-^ 
The Upper Cretaceous rocks of the south -eastern Alps are distinguished by their 
hippurite-limestones (Rudistenkalk) ivith shells of the Hij^puritea and liadiolites gi'oups, 
while the Lower Cretaceous limestones are marked by those of the Gavrina gi’oup. 
They form ranges of bare white, rocky, treeless mountains, perforated with tunnels and 
passages (Dolinen, p. 477). In the southern Alps white and reddish limestones (Scaglia) 
have a wide extension. 

Basin of the Mediterranean. — The southern type of the Cretaceous system attains 
a great development on both sides of the Mediterranean basin. The hippurite {Capro- 
tina) limestones of Southern France and the Alps are prolonged through Italy into Greece, 
whence they range into Asia Minor and into Asia. Cretaceous fomiationa of the jsame 
type appear likewise in Portugal, Spain, and Sicily, and cover a vast area in the north 
of Africa. The Portuguese representation of the system at the extreme west of the 
region presents some interesting features, especially in the evidence for the alternation 
of marine and estuarine or fluviatile deposits during Cretaceous time, and in the light 
which it casts on the Cretaceous flora. The marine strata are there sulficiently well 
developed to enable them to be pamlleled with the successive formations of central and 
northern Europe. In the region of Lisbon and Bellas, from the base of the Neocomiau 
series upwards, successive horizons of plant-bearing strata are met with in a scries 
of strata with distinctively marine fossils. Thus Cijcloptci'is tennistHata is found at the 
very base of the series and terrestrial plants (of which eighty-eight species are known), 
continue throughout the Valanginian sub -stage but with intercalations of marine 
shells. In Hauterivian time the sea had established itself over the area, as is shown by 
a mass of limestones and marls, 50 to 150 feet thick, with Oslrea Cmilmi, Keithca, 
{Jaiiira) atava, Olcost^Jmius {Astieria) astierianus. The Urgonian stage is marine in 
the lower part, but passes up into the sandstone series of Almargem, whitdi abound in 
remains of terrestrial vegetation, but include a marine band in their centre which appears 
to mai-k the Aptian part of the Lower Cretaceous series. This flora among its abundant 
ferns, cycads, and conifers includes some primitive types of angios]>ems {ProtorMpi^f, 
Changamieraf Y%CGiUa, Belgadopsis, Bolivixm). The equivalents of the Albiaii and 
possibly the lower part of the Cenomanian group (Bellasiaii of Choffat) are again marked 
by the altei-nation of marine hands among otliera full of land-plants. Towards the base 
of this stage Placenticeras UMigi and Schl<mlachia iiiflcUa {rostrata) are found, while 
higher up come Polyconim VerTunai, Em^oiilmra LmibcHi, and Eeogym ]miLdo- 
afric^. The flora shows an increasingly modem aspect by the appearance of 47 species 
of dicotyledons, some of which belong to genera familiar among the living plants of 
to-day (Sassafras, Eucalyptus, Laurus, MyHcay The lower part of the Portuguese 
Cenomanian strata consists of sandstones, still chai'ged with teiTestrial plants. These 
are succeeded by limestones with marine shells and other fossils (Ostrea. flahellata 
Exogyra pse^ido-cfriccma, Hoi'ioplmra Lambcrti, Ecoldbites, AlveoHva, VomUkiciras 
naviffulare). The Turonian stage is fully represented at the mouth of the Mondego 
where it consists of a series of thoroughly marine limestones (Mammites liocJicbrmJ 
hvmrawMS labiate, Pachydistm, Actmnclla, &c.). The Portuguese Senonian sorie-s' 
again, presents two distinct facies. In the more westerly region the strata consist of 


^ Seeley, Q. <L S, 1881, p. 620. ’ ^ ^ 

- Giimbel gives a table of correlations for the European Cretaceous rocks with those of 
Bavaria, ‘Geognost. Beschreib. Ostbayer. Grenzgeb.’ pp. 700, 701. 

, til® Cretsoeous flora of Portogal see De Saporia, Ompt. rend. ovi. (1888) p. 
1500 ; oxi. (1890) aud oxiii. (1891). W. M. Fontaine, iKoJiflpTOBfc xv. U.S. OS l'f 
W ard, 16^^ Ann, Bep, UE, O, 8. (1896), p. 510. 
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sandstones, which are quite marine. The presence in them of JSqplites Marroti indicates 
that they belong to the highest part of the Cretaceous system, though unfortunately 
their relations to the Turonian series cannot be seen. Neither has any representative of 
them been found in the fluvio-marine gi'oup which elsewhere appears to represent part 
at least of the Senonian stage. This group of green and red marls and fine sandstones 
contains fresh- water or estuarine shells (Cyrena, Hydrohia, Mytikis), a rich flora including 
dicotyledons, a number of fishes Teleosteiis) with Mcgcdosaimts, CrocodiltLS, and 

CJhelcnie?- 

On the southern side of the Mediterranean basin the Cretaceous system spreads over 
wide tracts of Northern Africa. In the desert region south of Algiers, where it extends 
ill broad plateaux with sinuous lines of teiTaced escarpment,*^ the various subdivisions 
from the Neocoinian up through the other Lower Cretaceous formations into the upper 
part of the system have been recognised, perhaps including even the Danian stage. An 
important member of the system forms the upper part of the “Nubian Sandstone’* 
which plays so important a part in the scenery of north-eastern Africa. This formation 
extends into Syria and is found in the Lebanos, where it attains a thickness of sometimes 
1000 feet, and has been regai-ded as probably of Albian age.® Higher up come the shales, 
probably Turonian, from which, in that region, so large an assemblage of fossil fishes has 
been obtained. 

Russia. — ^Tho Cretaceous formations, which are well developed in the range of the 
Carpathian mountains, sink below the Tertiary deposits in the plains of the Dniester, 
and rise again over a vast region drained by the Donetz and the Don. They have been 
studied in central and eastern Russia by the officers of the Russian Geological Survey, 
who have pointed out the remarkable resemblance between their organic remains and 
those of the Anglo-French region. There is in particular a close parallelism bet\veen 
them and the English Speeton Olay in their intimate relationship to the Jurassic 
system below. The Volgian group already (p. 1167) referred to is succeeded by typical 
Neocoinian deposits, which are well developed in the district of Simbirsk along the 
Volga, where they consist of dark clays with sandy layers and phosphatic concretions, 
divisible into three horizons. The lowest of these yields pyritous ammonites, especially 
OIcost(yphwnAi>s versicolor, 0. inversus, also Belevmitcs pseudo ’^panderianus, Astarte 
porrecta. The middle zone contains septaria enclosing OteostcpJumus {Sindnrsk'Ues) 
Dcchmi, progrediois, fasciatofalcatus, discofalccatus, Bcerhoti, Inoceramus 

ancella, Ithjpicho7icUa ohlUeraiu, The highest zone is almost unfossiliferous near 
Simbirsk, but its lower layers yield Pectm crassitesta. Deposits of the same type as the 
Anglo-French Aptian are well developed in the governments of Simbirsk and Saratov, 
and are eharactensed by Ilopliles JDeshcf'i/esi and Amaltheu^ Jyuyiirvaius. The Albian 
or Gault, which is found in the government of Moscow, and may eventually be traced 
over a wide area, lias yielded a number of ammonites, especially of the genus IToplites 
(iT. dcutatus, taHtsdamis, Bennettiss, Engersi, Tethydis, jachromeusis, Dutcfniplei, 
Besmoceras Bcudanti), This stage is well developed in the Caucasus, Transcaucasia, 
and the trans-Oaspian region. In the chief Russian Cretaceous area the Cenomanian 
stage begins with dark clay closely related to the underlying Jurassic series, from the 
denudation and rearrangement of which it may have been derived. The clay shades 
upward into sandy, glauconitic, and phosphatic deposits, which gradually assume the 

1 P. Choffat, Cmmnunic, Covimission, TrahaL OeoL Bmiugal, it Faso. ii. ; ‘ Receuil de 
Monographies Stratigrapliiques sur le systems Cr6tac6,* Service. Geol. Portugal, Part il. 1900, 
and *La FaHne Cretacique du Portugal,’ vol.’i. parts i,-iv. 1902. 

2 Coquaud, ‘Description g(^ol. et paR*ontol. de la region sud de la province de Con- 
stantin,’ 1862 ; Rolland, B, S, C, F, (8) ix. p. 508 ; Peron, op. dt p. 436 ; this author has 
published a valuable memoir on the Geology of Algeria, with a full bibliography, Ann, 
Sciences Oiol, 1883 ; Zittel, ‘ Beiti-iige zur Geologic der Libyuchen Wtiste,* 1883. 

® Diener, Z, IJ, 0, G, xxxix. p. 314. 
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condition of chalky marls. These Cenomanian strata appear to have a wide extent at the 
base of the Upper Cretaceous formations of Central Russia. They contain numerous 
remains of fishes {Ftychodus, Zanina, Odonias^iSf Otodm) with bones of ichthyosaurs anti 
plesiosaurs. Ammonites are rai’c, bat Schlosnlachia mrians occurs, also Actinocamax 
plemiSi Mcogyra haliotidea^ E. cornea^ Ostrea hip;poyodmm, NdtJiea {Janim) qiimqiie- 
costata, Pecteii laminosus, EJiynckondla, nucifomiis^ &c. Turonian strata have likewise 
been found over a wide ti'act in Central Russia. The lower bands with hweeramm 
(I. russieJisiSf Miaius, Bro^)iiari% lohatus aff.) abundant Bcl&mnitella and Ostrea 
vcsi(Mlari8 are of constant occurrence in the Cretaceous region of Central Russia. In 
that area, however, the Senonian and higher Cretaceous stages are not well developed, 
though they assume greater importance in the southem part of the Empii’e.^ 

Denmark. — ^The Danian stage receives its name from its typical development in 
the east of Denmark. Its lower portion or Faxoe Chalk is a hard yellowish limestone 
full of bryozoa with Nautilm danicuSt Tcmmddat'iSi Dcfroddaris^ Holast&r^ Brisso- 
jpmustest CoralliumBecki. Its upper division or Saltholm limestone is another compact 
kind of chalk with flints containing NaMilm danvnis, BaovZites Faujan^ Bel&nimtella 
Qnuc7'cynata, Ostrea xmcularis^ Tereh'atula EcMnom'ys (Avamhytes) sulcatus. 

This rock has been found by boring and well-sinking to cover a wide tract around 
Copenhagen under the glacial Drift. It is in places overlain by a fossiliferous greon- 
sand.^ 

Scandinavia. — The districts of Mahno, Ystad, and Christianstad in the south of 
Sweden present an interesting development of the Senonian and Daiiian stages. The 
Lower Senonian marls contain Adinocamax vcriis^ A, westphcdicus and Lwceramiut 
eardisaoides. The Upper Senonian beds, consisting in the lower part of limestones and 
conglomerate, are marked by the presence of Adinocainax ma^nmillatuSt Fedeii septem- 
plicat'icSf Ost/i'ea acutirostris^ while the higher part, composed at Malmb of soft chalk 
and elsewhere of sandstone and limestone, yields BeUmnitclla muci'onata^ Eehinocorya 
(A^ianchytes) oveUm, Te^'ehratula cemua and other characteiistic fossils. The highest 
member of the series representing the Danian stage contains Echvtiocorys {Ananuhytm) 
mlcaius, T&rehrcdula l&na^ Eromia rugosa^ &c.® The remains of a bird (Scanimmis 
Lwndgreni) have been obtained from the Saltholm Limestone near Malmb.** 

Arctic Regions. — The Cretaceous system has been found to extend even as far north 
as Lat. 79® into Spitzbergen and King Charles Land. On the latter islands Pi’ofessor 
Nathorst has found, underneath the overlying basalt plateau, strata which he believes 
to be of Neocomian age containing Aucedla Keys&rlingi and remains of plants.® Again, 
on the west coast of G-reenland, between the parallels of 70° and 71° U., a thick mass of 
strata underlying the basalts appears to be divisible into three groups, of which the 

^ Nikitin, ‘Les Vestiges de la periode Cr6tac4e daus la Eussie ceutrale,’ Cum. OeoL 
Rum, v. No. 2 (1888), p. 165. W, F. Hume, Qeol. Mag. 1892, p. 385. 

2 0. Schluter {Z. D. U. G. xlix. (1897), pp. 38, 889) gives an account of the Cretaceous 
succession in the Baltic with a bibliography of the subject, and descriptions of a number of 
new urchins from the region. K. Ebrdam, “ Kridt forraationeu i Sjesland,” Emmm'ka Qeol. 
Und^a'dg, 1897, describes the White Chalk (uppermost Senonian), the Saltholm Limestone 
and the greensand, above mentioned, containing gasteropoda, lamellibranchs, &c., whidi is 
the youngest member of the Cretaceous series in Denmark. Another important recent con- 
tribution to the Cretaceous palaeontology of the Baltic region is that by J. P. Ravn, 
“Molluskerne i Danmarks Kridtaflejringer,” K. Dausk. YideMk. Selsk. ShHft. xi. (1902) 
parts 2 and 4. , ^ 

^ B. Lundgren, Universitets Anskrift. Lund. xxiv. (1888) ; Qeol. F&i'en. StockUholm, xi. 
(1889), p. b'3. H. Munthe, xviii. (1896), p. 21. A. Hennig. xx. (1898), p. 79 ; xxi. (1899) 
pp. 19-82, 133-188. J.’C. Moberg. Neues Jahrh. ii. (1894), p. 69. * 

W. Dames, Bihang. Smnak. Vet. Akad. Eandl. xvi. (1890). 

® Qeol Fdr&n. Stockholm, xxifl. (1901), p. 341. 
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lowest or Kome series has yielded a remarkable assemblage of fossil plants, including 
the Popidm which was long believed to be the oldest dicotyledon. The 

plants oompiise Gleichcnia (several species), Asplenium, FecopteriSj Zamites, Nilssoma, 
Sc^ia, Pimts, In the next or Atane series dicotyledons outnumber the ferns, cycads, 
and conifers. They belong to species of Pqpidus, Platami^, Hedara^Fiom, Cassia, Lawnts, 
Quercm, &c. Among the plant-bearing strata certain shales occur bearing a marine 
fauna {Pcden, Area, Nuculana, Ludna, Cuspiclaria, DeiUalium, &c.), which appeal's to 
be of Upper Cretaceous age. This horizon may perhaps be paralleled with the Amboy 
Clays of the United States. The Patoot series contains a younger flora, which indicates 
a transition towards a Tertiary facies. It includes species of Gldduynia, Aspidium, 
Sequoia, Anmlo, Platamis, Quercus, Vihummn, J^ia/inniis, &c., and with it are 
associated bands containing marine fossils {Hemiastei', Aviculay DentoZium, &c.).^ 

India. — The hippurite limestone of south-eastern Europe is prolonged into Asia 
Minor, and occupies a vast area in Persia. It has been detected here and there among 
the Himalaya Mountains in fragmentaiy outliers. Southward of these marine strata, 
there appears to have existed in Cretaceous times a wide tract of land, corresponding 
on the whole with the present area of the Indian peninsula, but possibly stretching 
south-westwards so as to unite with Africa. On the south-eastern side of this area 
the Cretaceous sea extended and deposited a succession of strata which have been 
paralleled with the European Upper Cretaceous formations, and have been divided into 
the following groups in ascending order ; (1) Utatur group, containing at its base large 
masses of corol-rcef limestone and yielding no less than 300 species of invertebrates, 
more than 100 of these being cephalopoda, of which 27 are known to occur in Europe 
or elsewhere out of India. Some of these are Neocomian species, but the general 
char'actor of the fossils indicates that this gr’oup may be equivalent to the Cenomanian 
aeries of Europe. (2) The Trichinopoli group, composed of sands, clays, limestones 
and conglomerates lying unconformably on the first group. The fossils are here not 
so numerous as in tire beds below, and the cephalopods are 'much diminished in 
number. The group appear*s to represent the European Turonian stage. (3) The 
Ariyulur gr*oup, the most highly fossiliferous of the three divisions. Here gasteropoda 
replace cophalox)ods, the Cypr'teid© and Volutidse being specially prominent. The 
presence of Nautilus danicus points to the position of this group at the top of the 
system. Similar strata appear on the African coast in Natal, where they are capable of 
pala'ontological subdivision into three zones like those of India, and contain many of 
the sjune species of fossils.'-* The most remarkable episode of Cretaceous times in the 
Indian ai'ca was undoubtedly the colossal outpouring of the Deccan basalts (p. 346). 
These rocks, as already remarked, in horizontal or nearly horizontal sheets, attain a vertical 
thickmiss of from 4000 to 6000 feet or more, and cover an area of at least 200,000 square 
miles, though their limits have no doubt been reduced by denudation. Their oldest 
portions lie slightly unconformably on Cenomanian rocks, and in some places appear to 
be regularly intoi'stratilied with the uppermost Cretaceous strata. The occmTence of 
fresh-water niolhisks {Physa, VivipaniSi Unw, Oor'buyida)^ lands-plants, and insects, both 
in the lowest and highest parts of the volcanic series, proves that the lavas must have 
been anbacrial. This is one of the most gigantic outpourings of volcanic matter in the 
world.* 

Japan. — The laboum of the active Geological Survey of Japan have brought to light 
a remarkably full development of the Cretaceous system in that country, and have 

^ Heer, * Flora Fossilis Arctica ’ ; De Saporta, ‘ Le Monde dea Plantes ’ ; D. White and 
0. Schuchert, OcoL Son. Amsr. ix. (1898), p. 343. 

*•* F. Kossmat, Jahrh, k, k\ GboI, lieicJisamt. xliv. (1894), p. 463 ; R. B. Newton, Jouni, 
(JotLchology, viiL (1896), p. 136. 

* Medlicott and . Blanford, ‘Geology of India,’ 2ad edit, by R. D. Ohlliam, chaps, x. 
and .\'i. See also F. Stoliezka, PaUvemiograph. Indica, ser. i. iii. v. vi. and viii. (1861-1873). 
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supplied the means of comparing the faunas and floras of that system on the opposite 
sides of the great Pacific basin. At the base lies a limestone (Torinosu) containing a 
rich fauna of foraminifera, corals, bryozoa, echinoids, lamellibranchs, and gasteropods, 
while in some places it includes intercalated plant-beds with Zainin^hylluvi, Nilssonia, 
Podozaniites, It is regarded as probably Neocoinian. The Ryoseki series is dis- 
tinguished, by its varied and abundant flora, consisting of ferns, lyoopods, cycads, and 
conifers, many of the species being found in the Cretaceous series of India, Europe, the 
Potomac formation of America and the Kome beds of Greenland. No dicotyledons are 
recorded in the published list. The Izumi sandstones contain both marine shells and 
land-plants. Among the former are species of Paehijdiscus, Anisoccrasj Alacroscaphites, 
Phylloccras, Edmites, Eelicoceras, Inoceramus^ Amenity and THgoTiia pocilUfmiiSy 
which is the most characteristic fossil of the whole. The plants include species of 
ArwiidOy SaliXy Qioemcs, Fagusy PlatamiSy Ciminmamumy Sequom, Perhaps of the 
same age as these sandstones is the important Hokkaido series, which consists of sand- 
stones, conglomerates, and shales with plant-bearing shales and coal-seams at the top. 
The middle and lower parts of this series have furnished a large assemblage of fossils, 
including nine species of Lesinocerasy twelve of HamiteSy eight of I/ytoceras, eight 
of PachydiseaSy together •\rith several species of Anisocerasy A&tidlioccTOSy Olcost^hanuSy 
ScaphUeSy and Crioceras, A number of the organisms are specifically identical with 
those found at Trichinopoli and other Cretaceous localities of India. The formation 
may represent the Middle and Upper Cretaceous series of Europe.^ 

North America. — ^Tho Cretaceous system stretches over a vast portion of the 
American continent, and sometime.^ reaches an enormous thickness. Sparingly 
developed in the eastern States, it runs as a belt from Long Island across New 
Jersey, Delaware, and Maryland into Vhginia. It spreads out over a wide area in the 
south, stretching round the end of the long Palceozoio ridge from Georgia throxigh 
Alabama and Tennessee to the Ohio ; and reappearing from under the Tertiary 
formations on the west side of the hli^issippi over a large space in Texas and tho 
south-west. Its gi’eatest development is reached in the Western States and Territories 
of the Rocky Mountain region, Wyoming, Utah, and Colorado, whence it ranges 
northward into British America, covering thousands of square miles of the prairie 
country between IVIanitoba and the Rocky Mountains, and stretching w'estwai*ds even 
as far as Queen Charlotte Islands, where it is well developed. It has a prodigious 
northward extension, for it has been detected in Arctic America near the mouth of tho 
Mackenzie River. 

The eastern belt, which runs from Long Island^ into Virginia, is full of geological 
interest, and has given rise to prolonged discussion. It is divisible broadly into two 
series, of wliioh the older is termed Lower and the younger Upper Cretaceous. Tlie 
former, widely known as the Potomac formation, has been more particularly the field 
of controversy, some writei’s claiming it for tho Jurassic system, otliers as confidently 
asserting it to be Ci’etaceous (p. 1159). Of the former class the late Professor Marsh brought 
forward the most cogent arguments based on the occuri’ence of deinosauriaii remains 
having Jurassic affinities. One species of Astrodon was named by Leidy, and a number 
of other vertebrates by Marsh {PleurocosHuSy Priconodony AllosauruSy GodumjbSy besides 
crocodiles, tortoises, fishes, and mollusks). On the other hand, the evidence of the 
Potomac flom has been confidently appealed to as affording an unquestionable proof of 
the Cretaceous age of the strata in which it is preserved. An important coutiibution 
to this controversy has been recently made by Professor W. B. Clark and Mr. A. 
— — 2 

1 * Outlines of the Geology of Japan,* by the Imperial Geol. Survey of Japan. Tokyo* 
1900, p. 59. 

3 The Cretaceous plant-bearing strata of Long Island have been described by A. HoUick, 
Trcrntt, New York Acad, Sci. xiL (1893), pp. 189, 222 ; xiii. (1893); pp. 8, 122 : JBuU. 
Torrey Botan. Oluby xxl 1894. 
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Bibbins, who have clearly shown that the so-called Potomac formation really consists 
of a series of formations quite distinct from each other, lithologically, stratigrajhically, 
and paleontologically. They maintain that a marked line of division can be drawn 
above which the vertebrate remains have never been found, and below which the 
dicotyledonous floiu never descends. They are disposed to class the formations below 
tliat line (which they name the Patuxent and Arundel gi’oups) as probably Jurassic, 
but they regard those which lie above the line as undoubtedly Lower Cretaceous. 
Tliosc latter they reckon as two in number. The lower, or Patapsco, consists of highly 
coloured and variegated clays and sands, some of which are full of leaf-impressions, the 
thickness of the whole raiigingup to fully 200 feet. These strata lie with a marked 
unconformability on the Arundel group underneath. Their fossils include a few poorly 
preserved niollnsca, but consist mainly of land-plants, ferns, cycads, conifers, monocoty- 
ledons and dicotyledons. Higher up comes the Karitan formation, which is also composed 
of sands and clays, with beds of brown earthy lignite, and in Central Maryland reaches 
a thickness of nearly 500 feet. Its fossils likewise consist mainly of land-plants, the 
dicotyledons showing a markedly more modern aspect than those of the Patapsco beds 
below. ^ 

The flora of the Potomac series has been carefully studied by the ablest palseo- 
botanists of America.® A census published in 1896 gave the total number of species 
then known as 737, whioh have been obtained from five distinct -horizons.® The 
dicotyledons numbered nearly half of the whole. Those found in the older part 
of the formation have a primitive character {Ficophyllumt Protmiihjllmi, Bogersia, 
Saliclphylluiii, VUiphyllurti). The othei-s include species of Andrmn&tla^ Aralidf 
Cimiamomuinf Bucalypius, Hcdera^ Bex^ Juglttna^ Laums, Magnoliat Myricdy 

PlatamcSj QuertneSf PhammiSt SaPix, JSapinduSf Sassafras, Vib%trnu 77 b» Some of the 
plants aro identical with species found in the Lower Cretaceous series of England, 
Germany, and Portugal. 

The Upper Cretaceous formations of the same eastern belt lie transgi-essively upon 
the Lower series. They are arranged as follows in ascending order; — (1) Matawan, 
composed chiefly of sands and clays, about 400 feet thick in Hew Jersey, but 
gradually thinning southwards until towards the Potomac River they disappear. These 
strata have furnished a considerable number of shells of thoroughly marine character, 
including Flacenticeras place^ita, Scaphites nodosus, JSaculites ovat/us, and species of 
Pyroi>sis, Qyrodes, Smlaria, TurrUolla, DeiMivm, Ostrsa, Gryplissa, Bioceramus, Orassa- 
icUa, Cttvdiwa, Tcrchrat^Ua, also S&iniaster, &c, (2) Monmouth, lying confonnably on 
No. 1, and consisting chiefly of sands, ferruginous and glauconitic, whioh vaiy from 60 
to 150 feet in thickness, but disappearing in the dmection of Washington. Fossils ai'e 
here strikingly abimdant and* well preserved, some of the layers consisting of an aggregate 
of shells. Among them are BsUmnitella americaiia, Bamlitos omtiis. Nautilus JDehayi, 
with a largo assemblage of gasteropoda and lamellibranchs, as well as brachiopods, 
foraminifora, &c. (8) Rancocas, composed chiefly of greensand marls, sometimes 

highly calcareous, usually between 40 and 60 feet thick, but reaching a maximum of 
126 feet. Though less varied in species, the fossils are individually abundant. They 
comprise Splisnodiscus le^icularis, Na%Uilys DeTcayi, N. Brya/ni, Teredo tibialis, 

^ W. B. Clark and A. Bibbins, J&um, Qeol v. (1897), p. 479. 

® See particularly W. M. Fontaine, Monograph xv. UM. a, S, (1889) ; B, U.S, G. S, 
No. 145 (1896). J. S. Newberry, Momgraph xxvi. G. S, (1896). L. F. Ward, Ann, 
Bep, U.Sk G, S. 1895 and 1896. A list of 60 species of the Cretaceous plants from 
Long Island is given by A. Hollick in his paper above cited. Professor Ward has 
subdivided the formation into six series, whioh iu ascending order are (1) James River, (2) 
Rappahannock, (3) Mount Vernon, (4) Aquia Creek, (5) Iron Ore, (6) Alburipean (Amboy 
and Raritan). 

® Tliese are named in the foregoing note. 
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Hemiaster (several species), Cardiaster, AmiTichytea, Pseudodiadema, Stdenia.^ CidariSi 
Poitacriniis, &c. (4) Manasquhan, a group of highly glaucomtic gi’eensands, 50 feet 

thick in the north, but disappearing southwards, owing to the unconformable overlap 
of the Tertiary formations. Its fossils are neither numerous nor varied. They com- 
prise some lamellibranclis (Ostrca^ Gry;ph^aa^ Orassaiella) and a number of foraniinifera 
[TecUvXaria, Nodosaria^ Globigerviui hulloides)?- 

The Cretaceous formations, which stretch as a naiTOW belt between the older 
crystalline rocks and the overlying Tertiary deposits through the States of Georgia, 
Alabama, Mississippi, and Tennessee, display both the lower and upper divisions of the 
system. The lower is well developed in Alabama, where it forms the Tuscaloosa 
formation, about 1000 feet thick, composed of purple, mottled and grey clays over- 
lain with variegated sands. It has yielded a number of plants, which, according to 
Professor L. F. Ward, show it to be the equivalent of the Amboy and Raritan clays 
at the top of the Potomac formation. There would thus appear to be a continuous bolt 
of Lower Cretaceous plant-bearing clays and sands from Long Island into Mississippi, a 
distance of more than 1000 miles. These deposits were fonned in sheltered waters 
fringing a well-wooded land-surface, and were eventually submerged under the sea 
which spread westwards over the sinking land and laid down the Upper Cretaceous marine 
strata. 

The depression which led to the dei)Osition of the New Jersey and Maryland marine 
clays and sands appears to have begun earlier, and to have been on a more extended 
scale in the southern States. It brought about the accumulation of the thick pelagic 
formations which play so large a ])art in the geology and scenery of the region around 
the borders of the Gulf of Mexico. These formations in central Texas have a thickness 
of about 1600 feet, but they increase south-westwards until, on the Mexican frontier, 
they reach 4000 or 5000, and are said to swell out to even three or four times that 
bulk in Mexico itself. The Texas Lower Cretaceous deposits, sometimes tenned the 
Comanche series, have been divided into three formations, the Trinity, Fredericks- 
burg, and Wiishita. (1) At the bottom lies the Trinity, consisting of (n'.) sands 
overlain by (d) Glen Rose limestones and clays, and these by (c) the Paluxy sands. 
This formation has yielded a number of land -plants having a general resemblance 
to and in part an identity with those of the Potomac flora, though, as they iu elude 
no angiosperms, Fontaine believed that they may perhaps he a littlo older. But 
higher up the fossils are chiefly marine, and though connecting species nui fi’om 
one zone into another, several distinct faunas have been recognised. The Trinity 
formation is marked by the presence of Ostrea PTanhlmi, Trigmia crcmlttta^ 
PegwUnw, tcxaiyx>, Qlmuionia lidvei'ica. The general assemblage has a marked 
resemblance to the fauna of the Lower Cretaceous series of Portugal. (2) The 
Fredericksburg formation, composed of {a) Walnut clays, {h) Comaucho Peak Limestone, 
(c) Caprina (Edwards) limestone. In the lower part of this series of strata Naticaj 
Tylostoma,^ and Gt'yplum aro prevalent, together with echinoids {BcmiastcTt Eolaster^ 
Solectypus, PmidodiadmM, Cidaris) and three important ammonites {Eugoihoccnts 
pied-enmlis^ Sidik&Tdadiia acutocarinata, and S, trinitensis). The Caprina limestone at the 
top of the fonnation “has an interesting and remarkable fauna, consisting largely of 
Requionia, Monopleura, Ljhthyosarcolites, and other Oharaidm, with Radiolites or 
SphjBimlites, Nerinea, many other gasteropods, corals, &o. Tlie general assemblage of 
forms is very much like that in the ' Sclu’attenkalk * or * Caprotiua limestono ' of tho 
European Urgonian, and the .similarity extends to specific forma in many coses.'* (3) 
The highest formation, termed the Washita, consists of four groups i (a) Prestoif beds, (6) 
Fox*t Worth limestone, (c) Denison Beds, (d) Shoal Creek limestone. Many of the 
organisms of the underlying formation recur here. Ammonoids are more abundant than 
in any other part of tho soi'ies. They include Pachydiscus hrazocusis^ Emiiks Trcmmt% 


^ W. B. Clark, jBidl. Gaal, Soc, Amer. viiL (1897), pp. 816-358. 
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with a large development of the genus mostly of the type of the European 
S, wflata {rostrata) and TurriUtes hrazomsis. These strata are succeeded by othei’s, 
which, containing species of Acanihoceras and other Cenomanian types, are placed at 
the base of the Upper Cretaceous series.^ This series in Texas consists of the following 
formations in ascending order ; (1) Timber Creek, coarse sandstones and some impure 
limestone {Aca^itlioceras, &c.), about 250 feet thick ; (2) Eagle Ford shales with layers of 
limestone and sandstone, 300 feet, containing Ostrea co7igesta, Exogyra columbella, 
hioceramm cxogyrMes, Buchiceras Swalom, Mortonicerds and probably the 

eq^uivalent of the Benton group farther noi*th ; (3) Austin limestone — an important 
and peraistent band of light gi*ey abundantly fossiliferous limestone, with Ostrea cmgesta, 
Inoecramm (several species). Nautilus elegans, Mortmvk&ras ue^ertinuui, M, shoshonense^ 
BacuMtes aspcr, probably representing the Niobrara group of the interior to the north ; 
(4) ‘*Ponderosa” marls, estimated to be 1200 feet thick ; (5) Glauconite beds, 300 feet ; 
(6) Laramie group with lignites. 

In Kansas the Lower Cretaceous or Comanche series, in diminished proportions, has 
been separated into two formations. The lower, termed the ‘‘Cheyenne Sandstone,” 
attains a thickness of from 40 to 70 feet, and has yielded only plant remains {Bhiis, 
Sassafras, Qlyytostrdbus, Sequoia), which point to a horizon not far from that of the 
upper clays of the Potomac series. The upper formation, called the “Kiowa 
Shales,” consists chiefly of shales from 70 to 150 feet in tliickness, which have furnished 
78 species of fossils, vertebrate and invertebrate, showing maiine conditions of deposit 
{Qryplhsea, Exogyra, Canlvam, AviaiUa, ScJUosnbachia, &c.). Above these strata lies 
the formation known as the “ Mentor (Dakota) Sandstone ” of Kansas, which at its base 
has a band of brown fossiliferous sandstone with Ostrea, Qerrillia, Trigonia, and other 
shells.^ 

The Black Hills of Dakota display an exceedingly interesting inlier of Az‘eh£ean and 
Palaiozoio rocks, round which the Mesozoic formations have been upraised. The Triassic, 
Jurassic, and Cretaceous formations follow each other in successive rings ai*ound the up- 
lifted area. The Cretaceous series, resting upon the up})er Jurassic strata, has at its base 
a group of fresh-water sandstones and clays with workable coal-seams, from which nearly 
100 species of plants have been obtained and described. While most of them are ferns, 
cycads, and conifers, they include a number of dicotyledons, among which are species 
of Quimis, Meophyllum, Sassafras, Plaianus, Sayindopsis, Vi'bimvitcs,*k(i. Dr. Ward 
shows that the flora is essentially Lower Ci-etaceous, and he compres it with that of the 
Wealdon and Noocomian formations of Europe.® 

In the vast interior region which stretches from Kansas westward into Colorado and 
Utah and northward through Nebraska, South and North Dakota, Wyoming, and 
Montana into the western part of the British possessions, an enormous accumulation of 
Upper Cretaceous formations records a remarkable succession of geological changes on a 
grand sciilo. Extensive inland bodies of water received the drainage of the surrounding 
land oixd became the sites of thick deposits of sands, clays, and lignites, among wkich 
the vegetation and many of the fishes and terrostrinl animals of the time have been 
prt^sorved. A widespread depression allowed the sea to spread over these lacustrine 
areas for a time, and to leave behind a record of marine deposits. There would appear 
to have been oscillations of level leading to an alternation of salt and fresh -water 
accumulations. But eventually the lacustrine conditions were restored on a greater 
scale than ever, until a succession of lakes and alluvial liver -plains extended from 
Mexico far north into Yukon, a distance of more than 2000 miles, with a breadth of 
sometiipfis 400 or 600 miles. This succession of events has been chronicled in a series 


1 T. W. Stanton, Jmm, Geol v. (1897), pp, 000-607. 

® 0. S. Prosser, JJwmrsity Qeol, Survey Kansas, ii. (1897), p. 196. 
® Lester P, Ward, X^th B.W* ^7. S* 1899. 
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of geological formations which are aiTanged as in the subjoined table in descending 
order : -* 

Livingstone Formation. — A series of sandstones, grits, conglomerates, and clays, 
largely made up of the debris of andesitic lavas and other volcanic rocks, and in- 
cluding local intercalations of volcanic agglomerates, the whole aiimnnt’ng to a 
thickness of 7000 feet. This formation was first sei)arated in 189^3 ’ny Mr. ^V. H. 
Wee«l, who showed that it indicates anuplift and abinsionof the underlying inenibevs 
of the Cretaceous series, with a gi*eat succession of volcanic explosions, by which 
enormous quantities of angular lava-detritus were discharged into the lake. These 
eruptions towards the close of the Cretaceous period were the foreriiniiors of the 
series wdiich took place on so gigantic a scale hi Teitiary time. A nieiigre 
moUuscan fauna has been obtained from these strata, apparently belonging 
to brackish, fresh -water, and terrestrial species. Much more a]>undant ami 
determinable are the land-plants found towards the base of the formation in the 
leaf-beds, which range from 600 to 2000 feet in tliickness. Among these plants 
are species of AhietiteSj Tcucodinmt (HnkgOt Phragmites^ &kUi\c, QitsrciM, 

Jnglans, PlatanuSj FicuSf Cmnammwtif Laumst Frcuvimts, Andrmmlat 
Plmmms?' 

Laramie formation. — The chief coal-l^earing aeries of the Rocky Mountains, consist- 
ing of hnff and grey sandstones, with bands of dark clays and numerous coal- 
seams, containing abundant terrestrial vegetation, land and fresh -water mollusks 
{UniOi Limnfeat PlanorUs, Eelixt Pupa, &c.), and remains of fishes {Lepulotus), 
turtles {Trionyx, Fmya, Go^npaemy^, and reptiles {Gt'ocodilm, Agidlutumm 
{Triceratopa), &c.). Marine organisms in some intercalated strata show that the 
sea still occasionally spread over the lacustrine region. In this fonnatiou come 
the “Ceratops beds” of ’Wyoming, which, resting directly upon the Fox Hills 
group, consist of alteniating sandstones, shales, and lignites, and are remark- 
able for the extraonlinary number and wonderful preservation of the doinosaurs, 
mammals, and other forms which they have yielded. 

The Laramie formation was originally tenned “ Liguitic,” and was made to in- 
clude all the vast series of formations of the Western Territories. 

Its limits have now been resTricied noth below and above. Its lower limit is now 
placed at the top of tl\e Fox Hills group. The Livingstone formation has been 
cut off from its upper part, so that in Montana its thickness has l)een rudiiceil 
to 1000 feet. 

Montana formation. — A series of lacustrine and brackish-water deposits coulaining 
important coal-seams and an abundant ten’estrial Horn, with intercalations of 
marine b^ds. The flora embraces 89 forms, wliich include 63 s]»ecu‘.H of 
dicotyledons, 10 conifers, 4 monocotyledons and some fenis, lycopods, and other 
plants.^ The formation reaches in Utali a thickness of 2800 foot. It is sul)- 
divided into two gi’oups, which, however, cannot always be distiuguisbed : 

Pox Hills group. — Grey, rusty, and buff sandstones, with numerous beds of coal 
and iuterstratificatiouR containing a varied assemblage of marine shells {Iklemni* 
teUa, Nautihta, Ammonitea, Baouliiea, Mosaaavm^, &c.). 

Fort Pierre group. — Carbonaceous shales, marls, and clays, Oaimi rwigcaffK 
Tnocermma Orizmi^, var. Bamhini, Avioula Jihroaa, TjUGi.im inxideufalia, O/daviya 
oiehrasceims, Baculitea ovatua, Bcaphites uodosua. Ammonites, &e.). 

Colorado formation. — Calcareous shales and clays with a central sandy series, and, 
in the Wahsatch region, seams of coal as well as fluviatile and marine shells. 
Thickness in Hausas 340 to 380 feet, east of the Rocky Mountains 800 to 1000 
feet, but westwards in the region of the Uinta and Wahsatcli Mountains 2000 
feet. This group has yielded a largo marine fauna. Among its amnjonoids are 
species of BUmoccraa, Bacudites, Buchiceraa, Plamitmnu, /^rionooytdua, 
PrUmotropia, Mortoniceras, Scaphiies, some of tliem being lUso well-known 
European forms, such as NauUlua elegam, Pritmotrupk Woolgitri, AmtUho* 
ceraa ManUllL^ Tlie formation is subdivided into two groups 

1 W. H. Weed, Bull. UB, (L S, No. 106 (1893), with appendix on the plants^by F. II. 

Knowltou. 

a P. H. Knowlton, B'ldl. U.S. G. S. No. 163 (1900). 

® T. W.’Stanton, “ The Colorado Formation and its Invertebrate Fauna,” BuIL f r/. 

No. 106 (1893). » 
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Niobrara group. —Chalky marls, chalk, shales, with large calcareous concretions 
and seams of limestone {Jiaculites, Jkle7nnites, Umtacrimts, Iiiocerannis 
d^omviSi I. proUeinaii(yiiSi Oatt'ea congesta^ R^idistes). The moat interesting 
and important organic remains furnished by this group belong to vertebrates. 

From ilio -Niolirar.i beds of Kansas have been obtained six genera of Mosasaurs 
{CiidastcSt Tylosaurus^ PloUecmpm, Holoaaurics, Siroiiectes, Baptosmmia) several 
species of iitprodactylp, as well as plesiosaurs, turtles, and above all the toothed 
birds first di-M-ri'utMl by Marsh. 

Benton group. — Shales, clays, and limestones] {Scaphites wcm'eaenais, Prionotropia 
WoolgaHi Oairea amgeata^ Inoceramua, several species, and sometimes in great 
abundance). 

On the Bear River in south-western Wyoming an important series of argillaceous 
calcai'eous shales, alternating with thin beds of sandstone, appears to occupy 
a position intermedhite between the Colorado and Dakota formations, and may 
be a lacustrine part of one or other or both. It htis yielded a 

large molluscan i-.u:::!. .'i.' chiefly to fresh- water and terrestrial species, 

but with a few brackish- water forms. Among them are species of Oafrea, 
Modiolay Utdo, Ou'i’hicida, Am'kftda^ Lim-Uiva^ PlanorbiSf Phyaa^ Neritina^ 
Ptidiy^ridanid, Hydrohia, and Vwipctnia? 

Dakota formation, consisting of yellow and grey massive (probably lacustrine) 
sandstones, sometimes witli clays and seams of coal or lignite (dicotyledonous 
leaves in great numbers, Fictia^ Saaaa/ras, Plntannat Jitgkmay &c. ). In the 
Wahsatch region there lies at the base a persistent and coarse conglomerate, 
sometimes 200 feet thick. Tliickness of the Jormation, 400 feet and upwards. 

In some places there are marine intercalations in this group, showing that the 
sea lay not far olf the area of deiiosit. Thus iu Kansas, the lower part of the 
formation, consisting of sandstones mid shales with terrestrial plants and seams 
of lignite, is overlain with saliferous and gypseous shales containing 
Oyrena, Yohlia^ OmaaatelHm, Tellma, Maatm^ &c.® 

Cretaceous formations are largely developed along the Pacific slope, where they reach 
a gi’eat thickness in the coast -ranges, and whoi*c they have undergone in some places 
much raetamorphism.^ In Oalifoniia a section of Cretaceous strata on Elder Creek, 
Tehama County, gives a tliickness of about 30,000 feet without any evidence of duplica- 
tion.'^ This pile of sediment, which is known as the Shasta-Ohico series, is on the whole 
of marine origin. It has been subdivided into three series, which in ascending order are 
(1) Knoxville, (2) B[orsctown and (3) Chico. The Knoxville Beds, with an appaiunt 
thickness of 20,000 feet, consist mainly of shales and shaley sandstones with calcareous 
layers. They have furnished a considerable number of ammonoids (16 s})ocies, 
including the genera Phyllocm'd^, Lytoceras, Ecsfinocmis, OkoateplimiitSy Eoplitea^ Ptytd- 
apM7Uito8,QTiocmi$\mt\i belomnites, many gastoropods(i'V54funrfw,Pfc?tro^o?nrwiQ:, 'Mrbo, 
Ambcrleyiai C&idtliium, Apotrliaia^ laniollibranchs {Pecten^ Aitcelkt^ very abundant, 


1 C. A. White, Jhdl. U.B. U, S, No. 128 (1895). 

W. N. Logan, Kmam (kd, ii, (1897), p. 202. 

^ Some ditfurenco of opinion has risen as to how far tlie Cretaceous rocks have been 
involved in the metamorphism which has afl'ceted the Triassio and Jurassic series. Whitney 
and afterwards Becker (Amtr. Journ, Sci, xxxi. (1886), p. 847) aflirmed that tliey have, 
others, especially H, W. Fairbanks {A^uer, Uedogiat, 1802, 1893 ; JUdl. ikol. Boc. Aottet^ vi. 
(1894), p. 71), have advocated the opposite opinion. Tliere can be little doubt that there 
wa^ an c.vtousive protrusion of granitic and other igneous material after some pari at least 
of the Jurassic formations luwl been <lepoHited. Mr. J. l^ Smith believes that the Mariposa 
auriferous slates are of Jurassic ago {Uidl. OeoL Stic. Amr, v. (1897), p. 257). 

Tliis«sectiou was measured and tabulated by Mr. J. S. Diller an<l J. Stjinley-Brown 
(litUl. <M. Soc, Aim^r. v. (1894), p. 438), who could find no evidence of re<luplioation, 
though they admit that the evidence for such an almost incredible thickness is not irre- 
fragable. Even if wo reduce the mass to half these dimensions it remains an enormous 
mass of sodlmeiitaiy nuaterial. 
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Inoceramm, JYumla, Aata/iie^ iMdna, CyprinOi Corlnila) and bracMopods {RhymUw'wUa^ 
Tereln'otula). The Horsetown formation presents a somewlmt similar lithology and fauna, 
but with some difTerences. Ammonites are locally abundant in its lower iuii*t, those 
of the genei-a Lytoceras and Phylloceras being especially well represented in individuals.^ 
The remarkably abundant A'iiccUsr (the most characteristic fossils of the Knoxville beds) 
do not ascend above the limit which has been taken as the base of the Horsetown bods. 
In the higher part of this formation among the ammonoids the familiar European form 
Scklc&riba^'ia rostrata, another closely allied to Douvilleiceras mammillatiim, and a 
third, which may be Brongniart’s Lesfinoceras Bmdaiiti, have been noted. It would thus 
seem that while the Knoxville beds are referable to the Neocomian series, the Hoi*setown 
include the rest of the Lower Cretaceous formations, possibly extending into the upper 
division of the system. The Chico beds in the Elder Creek section were found on 
measurement to be 4000 feet thick. They are chiefly composed of conglomerates - and 
sandstones, and have yielded a good many marine organisms. In their lower 1500 
feet are found Desmoceras, Aets&mi, Ant^ura, Gyrodes, TelUnay Chimu, Me-ckm^ 
Trigoniai &c., while towards the top Inoceramics Wliitiieyi and Pa^iliydiscus new- 
berry amis are met wnth.*-* 

While this vast accumulation of sediments represents almost entirely the accumula- 
tions of the sea-floor it includes occasional jdatforms which have preserved remains of 
the terrestrial vegetation of the time. At a height of about 8000 feet above the base 
of the Knoxville series a plant-bed occurs from which a number of ferns and cycads luivc 
been collected, but no dicotyledons apj)car in the list. Another band at tlic top of the 
formation, together mth marine shells {A'licella crass icollis, JOcsinocera^ Oleosf.e}thmus 
mutahilis and Lytoceras Batesi) has fiunished specimens of Saymoyteris ManlelH aiul 
Fierophyllmih californicunii the plants being directly associated ■with the AnccUu\^ The 
Horsetown formation also contains near its base a highly fossiliforons band which, 
besides BeUmnites impressm, Jlqplites sp. Olcostephamis Traski^ Lytocems Haicsi, Ikv . , 
has yielded Bagliopsis latifolia^ Angiopicritlkm ncu'wsimn, A, oreyoneiisc. 

The Cretaceous system is prolonged into British Korth America, where it is well 
developed not only on the Pacific slopes but on tlie east side of the lio(;ky Mountains in 
Manitoba and the North-West Territories. In Yancouver and adjacent islands a aeries 
of strata, known as the Nanaimo group, has furaished a largo series of organic remains, 
which, like the formations in the Western United States, whereof they are no doubt 
prolongations, include both marine shells and terrestrial plants. The strata, about 5000 
feet in thickness, consist largely of conglomerates and shales with a group of coul-bcaring 
strata 740 feet thick at their base. Among the maiune organisms are BhjLlocetm 
Velledse, B. Indra, Lytoceras Jvkesi\ Aniaoocras mnmmrensc^ Eamites ohiridns^ 
Desmoceras Oarde>i% Pachydiscus ootacodensis, P, Eotradwi, Belemiites^ &c. I'he j)lants 
include many dicotyledons, palms, and other forms. This series is regaitled os Upi»er 
Cretaceous, and is not improbably a continuation of the Chico series of Oalifoniiju 
Apparently of somewhat older date is the coal-bcaring series in the (iuccu ChurlotltJ 
gronp, of which the subjoined section occurs at Skidegate Inlet.** 

1 T. W. Stanton, “The Fauna of the Knoxville Beds,” BnlL U,A (/.A'. No. Iii3 (1805) * 
Journ. Oeol. v. (1897), p. 694. * 

s Stanton, B, U,S, G, S. No. 133, p. 16 ; Dillor and Stanton, Bva. Urol, A%e, Amer, v, 
(1894), p. 439. 9 Stanton, B, U.A. U, S, No. 133, p. 17. 

J. Richardson in of Progress of Oedt, Sitrv, Canada, 1871-77. G. M. Dawson, 

qp, cw!. 1878-79, 1886 ; Amer. Joiirn, Sd, xxxviii. (1889), p. 120 ; cit, xxxlx. (1890), 
p. 180. J. P. Whiteaves, Mmmc Fossils, voL i. Parts i. iil. in publications of QIHL AWeyi 
Qcmada; Presidential Address, Trans, Roy, Soc. (Jamda, sect. iv. 1898. Seo also Dr. 
Dawson’s lUpoH on Geology and Resources of the Region near the 49iA Parallel, liriiish 
North Amsriem Bonmdmy Commissmi, 1876; Report on Cayiadmn Pacljio licrUvm 
Ottawa, 1880. . 
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Upper shalea and sandstones. (Pew fossils, the only form recog- 
nised being ...... 1,500 feet. 

Conglomerates and sandstones (fragments of . . . 2,000 „ 

Lower shales and sandstones with a workable seam of anthracite at 
tlie base (fossils abundant, including ttkhlosvbachia rostrata {mjiata), 

Uesimceras BmdantU D. plaMdaUimt Lytoceraa thwtheanuvi, 

Peris^hiru'teSf BdemniteSy Inocen'mmi^ concentricm^ &c.) . . 5,000 „ 

Volcanic agglomerates, sandstones, and tuffs, with blocks sometimes 

four or Jive feet in diameter 3,500 „ 

Lower sandstones, some tufaceous, others fossilitbrous . . . 1,000 „ 

13,000 „ 

The middle Cretaceous fonnatious of the North-West Territoiy have yielded a 
remarkable assoiiiblago of vertebrate remains, 'which have been discussed and described 
by Prof. Osborn and Mr. Lambe. The Belly River series, which is said to underlie 
the Montana or Fort Pierre-Fox Hills groups, and overlies the Fort Benton and Dakota 
groups, has furnished well-preserved remains of fishes {Lepidatus, &c.), plesiosaurs 
{OmoUosemrus), cheloniaus, rhynchocephalia {Ohttmpsosaitrus), crocodiles {Grococlilus, 
Bottosam'us), megalosaurs {Deinodmi)^ stegosaurs {PalsL'osci'Uciis, Stcreocepludus), cera- 
topsia {Mmiodonim, Stcgoeer(is\ iguanodoiis {Ciokodoiif Tmclbodon)^ and mammals 
{Ptilodus, Boraodoii),^ 

Farther north marine and coal-bearing strata of Cretaceous age have been found to 
extend into Yukon. The plants obtained from them include species of Taxodimut 
Gly^^todrobiut^ Corylm^ Juglmis, Sequoia^ while among the shells are I>mina Dawaonit 
Oyprina yukoncmiSt Schlc&ihhadda borealis, Scaphites, and in one place abundant 
specimens of one of the varieties of Atu'clla mosqyiemis.^ On the eastern side of the 
Rocky Mountain axis Cretaceous formations in a plicated condition display the same 
commingling of marine organisms and terrestrial plants. From the botanical evidence 
Sir J. W. Dawson believed that he could make out tlu’co successive series among these 
strata. At the top he placed the Mill Creek series, which supplied him with some 
ferns, cycads, and dicotyledons, regarded as indicating a horizon not far removed 
from the Dakota formation. In the middle came his Inteimediate senes observed in 
Albei*ta, and containing Asplmimn, Qlyptostrobiis, Taxodium, Stermlia vctusHla, and 
Lawrm m'osmmms. The lowest series was that named Kootanie, from its occurrence 
at the Kooteny Pass, which oiiginally furnished 27 species of jilauts, among which no 
species of angiosperras >vas detected.** The study of the invertebrate remains from the 
distorted Ci*etaceous rocks of the Foot Hills and Rocky Mountain ridges led to the 
recognition of what may bo representatives of the United States series from the Dakota 
up to the Laramie fonnation. The Upper Cretaceous scries appears to bo widely spread 
over Manitoba and westward over tbo Groat Praii'ie x>latoau in Alberta, Assiniboia, and 
Saskatchewan, where also the typical formations of the Western United States have 
been identified. An intermediate group, however, the “Belly River series” above 
referred to, has been intercalated between the Montana and Colorado formations. It 
is developed in Northern Alberta and Western Assiniboia. The plants in this series 
wore found by Sir J. W. Dawson to include some deciduous species, which also occur in 
the Canadian Lai*amie group. The invertebrates are brackish or fresh-water shells, and 
the vertebrates include the interesting assemblage already mentioned. 

South America. — The Cretaceous system has been found to be well devclox>ed oven 
as fai* south as Patagonia, wliero the following succession of fomiations in ascending 
order has been ascertained by Mr. J. B. Hatcher. The oldest rocks visible are certain 


^ ‘ Contributions to Canadian Palaeontology, * published hy Canadian Geol, Surv., vol. iii. 
Part ii. (1902), by H. F. Osborn and L. M. Lambe. 

** G. M. Dawson, Amu liep. Geol. Snrv, Canada, 1889, pp. 1-237 B. 

** Trans, iioy. Soc. Canada, iii. (1886), p. 11. 

VOL. II 2 L 
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black, hard, fractured slates with obscure ammonites, possibly of Jurassic age. The 
lowest portion of the Cretaceous strata, named the PueyiTedon series, is about 800 feet 
thick. At its base lie soft gi’een sands or marls with Exogitra (about 100 feet), sunnounted 
by conglomerate (20 feet), with petrified wood perforated by small boring mollusks. 
Then come about 300 feet of soft greenish sandstones and clays (Belgrano beds), which 
towards tlie top are rich in remains of characteristic Mesozoic invertebrates indicative 
of Middle Cretaceous age. These strata i)ass up confomably into 330 feet of red and 
variegated sandstone and conglomerate. The Upper Cretaceous rocks fomiing the 
San Martin series are estimated to be 8600 feet thick, and appear to lie with a slight 
unconformability on the lower members of the system. They begin with a series of 
liard variegated sandstones (Areniscas Abigarradas beds, 1350 feet) yielding hardly any 
fossils, but covering a laage extent of country, and giving rise to stinking topography. 
Next in ascending order are the Lower Lignite beds (1500 feet), including vast quantities 
of tree-tranks, forming beds 20 to 30 feet thick. These are followed by the Guaranitic 
or Deinosaur beds (500 feet), — soft, dark or mottled clays and shales, with bright red, 
green, and orange layers, containing fairly abundant cleinosaurian remains. These, 
which appear to be the youngest Cretaceous rocks in South America, are comparable 
with the Laramie group of the United States.^ 

Australasia. — Representatives of the Cretaceous system occupy a vast area in 
Australia, In Queensland their lower member (“Rolling Downs Formation**) is 
estimated to cover three-fourths of the w’hole of the colony. This group of strata is 
found in some diatidcts to pass do^vm conformably into the plant-bearing Jurassic rocks, 
and elsewhere to lie uuconformably on ancient schists, slates, and granites. It has 
yielded numerous species of foraminifera, brachiopods, lainellibranchs {Ostrea vesi- 
culosa, Pecten, Aucella, Inocevamm, Pima, Myiihis, &c.), gasteropods, bolemnites, 
ammonites of the genera Amaltheus, Schloenhachia, Hwplom'as, also Samites, Amy- 
loce)'as, Griocei'os, and Nautilus ; likewise fishes of the genera Lamna, Aspidorhyiichus, 
Bclonostonnis, and various ichthyosaurs and plesiosaurs. The Upper Cretaceous for- 
mations are represented by the “ Desert Sandstone,** which must itself have covered at 
least three-quarters of the colony. It lies on an upturned and denuded surface of the 
Lower Cretaceous formations and contains land-plants and a maiine fauna [Micrastcr, 
PJiyncfionella, Ostrea, THgonia, Belemnites).^ 

In New Zealand the “ Waipara** formation of Canterbury is believed to represent 
Upper Cretaceous and possibly some of the older Tertiary horizons. It consists of 
massive conglomerates (sometimes 6000 to 8000 feet thick), sandstones, shales, brown- 
coal seams, and ironstones. The plants include dicotyledonous leaves, cones and 
branches of araucarians, and leaves and twigs of Dammam. Among the shells no 
cephalopoda nor any of the widespread hippurites have yet been found. With the re- 
mains of fishes {Odontaspis, Lamna, Eylodm) occm* numerous saurian bones, which have 
been refeiTed to species of Plesiosaurus, Mauisaimts, Polycotylus, &c.* According to the 

^ J. B. Hatcher, Amer. Joum, Qeol. ix. (1900) p. 89. The huge Deinosaurs of the 
Argentine Republic {TUanosaums, Argyrosaunis) have been described by Mr. Lydekker 
{Ann. Mus. La Plata; Palfeoiitologia ArgsntincL, Parts ii. and iii.). Mr. A. Smith Wood- 
ward has also named some small crocodiles {Notosnchxis), au armoured chelouian {Miolania), 
and a snake, and has called attention to the remarkable mingling of ancient and modern 
types of animal life in the same collection, and to the remarkable resemblance between the 
Patagonian fauna and that of Australia, Proc. Zool. JSoc. i. (1901), p. 169. The commingling 
of types may be partly due to inexact observation in the field and the confusion of strata of 
very different ages {seepostea, p. 1244). c 

^ R. L. Jack and R. Etheridge, jun., ‘Geology of Queensland,’ chaps. xxxi.-xxxiv. 

® Etheridge, Q. J. G. S. xxviii. pp. 183, 340. Owen, GeoL Mag. viL p. 49. Hector, 
Trans. Neuo Zeedand Inst. ri. p. 333. Haast, ‘Geology of Canterbury and Westland,’ 
p. 291. Hutton and Ulrich, ‘ Geology of Otago,* p. 44. 
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work of the Geological Survey Department of New Zealand, the Cretaceous system con- 
sists of a lower group (500 feet) of green and gi’ey incoherent sandstones, in which beds- 
of bituminous coal occur on the west coast (Lower Greensand), surmounted by a mass of 
strata (2000 to 6000 feet) which appears to connect the Cretaceous and Tertiary series. 
The upper part of the group (consisting of marls, greensand, limestone and chalk with 
flints) is thoroughly marine in origin, with Ancyloceras, BcUmnites^ ItostellaHa^ 
a plesiosaur, LeiodoTi, &c. The lower portion, which is capped by a black giit with 
marine fossils, contains the most valuable coal-deposits of New Zealand. The plants 
include dicotyledonous and coniferous forms closely allied to those still living in the 
country.^ 


Part IV. Cainozoio or Tertiary. 

The close of the Mesozoic periods was marked in the west of Europe 
by great geographical changes, during which the floor of the Cretaceous, 
sea was raised partly into land and partly into shallow maiine and 
estuarine waters. These events must have occupied a vast period, sO' 
that, when sedimentation once more became continuous in the region,, 
the organisms of Mesozoic time (save low forms of life) had, as a whole, 
disappeared and given place to others of a distinctly more modern type. 
In England, the interval between the Cretaceous and the next geological 
period represented there by sedimentary formations is marked by the 
abrupt line which separates the top of the Chalk from all later accumula- 
tions, and by the evidence that the Chalk seems to have been in some- 
places extensively denuded before even the oldest of what are called the 
Tertiary formations were deposited upon its surface. There is evidently 
here a considerable gap in the geological record. We have no data for 
ascertaining what was the general inarch of events in the south of 
England between the eras chronicled respectively by the Upper Chalk 
and the overlying Thanet beds. So marked is this hiatus, that the belief 
was long prevalent that the close of Mesozoic time was marked by one 
of the great breaks in the geological history of the globe. 

Here and there, however, in the Franco -Belgian basin, traces of 
some of the missing evidence are obtainable. We have seen that 
the Danian shelly and polyzoan limestones contain a mingling of true 
Cretaceous organisms with others which are characteristic of the older 
Tertiary formations. The fragmentary deposits in which this transition 
can be traced are interesting, in so far as they help to show that, though 
in western Europe there is, on the whole, a tolerably abrupt separation 
between Cretaceous and Tertiary deposits, there was nevertheless no real 
break between the two periods. The one merged insensibly into the 
other ; but the strata which would have served as the chronicles of the 
intervening ages have either never been deposited in the area in question, 
or have since been in great measure destroyed. In southern Europe, 
especially in the south-eastern Alps, and probably in other pai'ts of the 
Mediterr^ean basin, no sharp line can be drawn between Cretaceous and 
Eocene rocks. These deposits merge into each other in such a way as to 
show that the geographical changes of the western region did not extend 

^ Hector, * Haudbook of New Zealand,’ 1888, p. 29. 
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into the south and south-east. In North America, also, on the one side, 
and in New Zealand on the other, there is a similar effacement of the 
hard and fast line which was once supposed to separate Mesozoic and 
Tertiaiy formations. 

The name Tertiary, given in the early days of geology, before much 
was known regarding fossils and their history, has retained its hold on 
the literature of the science. It is often replaced by the terms “ Oainozoic” 
{recent life) or “ Neozoic ” {new life), which express the great fact that it 
is in the series of strata comprised under these designations that most recent 
species and genera have their earliest representatives. Taking as the 
basis of classification the percentage of living species of moUusca found by 
Deshayes in the different groups of the Tertiary series, Lyell proposed a 
scheme of arrangement which has been generally adopted. The older 
Tertiary formations, in which the number of still living species of shells 
is very small, he named Eocene {dawn of tlie recent), including under that 
title those parts of the Tertiary series of the London and Paris basins 
wherein the proportion of existing species of shells was only 3^ per cent.^ 
The middle Tertiary beds in the valleys of the Loire, Garonne, and Dor- 
dogne, containing 17 per cent of living species, were termed Miocene 
{less recent), that is, containing a minority of recent forms. The younger 
Tertiary formations of Italy were included under the designation Pliocene 
{more recent), because they contained a majority, or from 36 to 95 per 
cent, of living species. This newest series, however, was further sub- 
divided into Older Pliocene .(35 to 50 per cent of living species) and 
Newer Pliocene (90 to 95 per cent). A still later group of deposits was 
termed Pleistocene {7nost recent), where the shells all belonged to living 
species, but the mammals were partly extinct forms. This classification, 
though somewhat artificial, has, with various modifications and amplifica- 
tions, been adopted for the Tertiary groups, not of Europe only, but of 
the whole globe. The original percentages, however, often depending on 
local accidents, have not been very strictly adhered to. The most impor- 
tant modification of the terminology in Europe has been the insertion of 
another stage or group termed Oligocene {few recent), proposed by 
Beyrich, to include strata that were formerly classed partly as Upper 
Eocene and partly as Lower Miocene.^ 

^ Some palseontologists, however, doubt whether any older Tertiary species, except of 
foraminifera or other lower organisms, is still living. 

- Other divisions of the organic world have been proposed as the basis of a chronological 
arrangement of the Tertiary formations. Of these schemes the most important are those 
which have made use of the succession of the higher vertebrates as the groundwork of 
classification. Gaudry showed how the Tertiary formations of Europe were marked off from 
each 'Other by the appearance and disappearance of successive types of mammalian life 
(‘Les BnchaJnements du Monde Animal — Mammif^s Tertiaires,* 1878). Boyd Dawkins 
proposed the fossil mammalia, as the basis of a stratigraphical arrangement (Q. J. S, 
1880, p. 879). Dr. Forsyth Major has elaborated a table of the succession of mammalian 
genera from the Trias to the top of the Lower Pliocene (Oeol. Mag. 1899, p]^. 60-69). 
Marsh employed not only mammalian types but the remarkable reptilian forms supplied by 
the Mesozoic and Caiuozoic rocks of the United States, and he in some cases named a 
formation or group of strata from its most characteristic vertebrate, as in the case of 
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Some writers, recognising a broad distinction between the older and 
the younger Tertiary deposits of Europe, have proposed a classification 
into two main groups : 1st, Eocene, Older Tertiary or Palseogene, including 
Eocene and Oligocene ; and, 2nd, Younger Tertiary or Neogene, com- 
prising Miocene and Pliocene. This subdivision has been advocated on 
the ground that, while the older deposits indicate a tropical climate, and con- 
tain only a very few living species of organisms, the younger groups point 
to a climate approaching more and more to that of the existing Mediter- 
ranean basin, while the majority of their fossils belong to living species."*- 

The Tertiary periods witnessed the development of the present 
distribution of land and sea and the final upheaval of most of the great 
mountain-chains of the globe, Some of the most colossal disturbances 
of the terrestrial crust, of which any record remains, took place during 
these periods. Not only was the floor of the Cretaceous sea upraised into 
low lands, with lagoons, estuaries, and lakes, but afterwards, throughout 
the heart of the Old World, from the Pyrenees to Japan, the bed of the 
early Tertiary or nummulitic sea was upheaved into a succession of giant 
mountains, some portions of that sea-floor now standing at a height of 
at least 16,500 feet above the sea. 

During Tertiary time also there was an abundant manifestation of 
volcanic activity. After a long quiescence during the succession of 
Mesozoic periods, volcanoes broke forth with great vigour both in the 
Old and the New World. Vast floods of lava were poured out, and a 
copious variety of rocks was produced, ranging from highly basic basalts,, 
limburgites, and peridotites to rhyolites, quartz-felsites, and granites. 

The rocks deposited during these periods are distinguished from 
those of earlier times by increasingly local characters. The nummulitic 
limestone of the older Tertiary groups is indeed the only widespread 
massive formation which, in the uniformity of its lithological and palaeon- 
tological characters, rivals the rocks of Mesozoic and Palaeozoic time. 
As a rule, the Tertiary deposits now visible as part of the diy land are 
loose and incoherent, and present such local variations, alike in their 
mineral composition and organic contents, as to show that they were 
mainly accumulated in detached basins of comparatively limited extent, 
and in seas so shallow as to be apt from time to time to be filled up or 
elevated, and to become in consequence brackish or even fresh.*^ These 
local characters are increasingly developed in proportion to the 
recentness of the deposits. The pelagic accumulations of Tertiary time* 

“ Atlantosaiirus Beds,’* ‘*Ceratops Beds,’* “ Brontothorium Beds,** “Pliohippus Beds*** 
Joum. Sci, xiv. (1877), pp, 338-878 ; vi. (1898), p. 488 ; OeoL Mag. 1898, p. 566). 
The same principle has been carried out with greater precision by Messrs. Osborn, Wortnian, 
and Matthew, who have prepared a table of the succession of formations in the whole- 
Tertiary series of the West, and have placed opposite to each subdivision the name of the- 
vertebrate ftssil by which it is more particularly characterised Amer. Mus, JffiaL 
xii. (1899), p. 20). 

1 Hiimes, Geol, RMismst, 1864, p. 610. 

® The peculiar characters of the Tertiary rocks of the Western Territories of North- 
America are, however, displayed over areas which in Europe would be regarded m 
enormous. ^ 
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still for the most part lie beneath the oceans in which they were laid 
down, though here and there, as in the Pacific basin, upheaval connected 
•with volcanic action has raised some parts of the limestones above sea- 
level {ante, p. 621). 

Climate during Tertiary time underwent in the northern hemisphere 
some remarkable changes. Judging from the terrestrial vegetation 
preserved in the strata, we may infer that in England the climate of the 
oldest Tertiary periods was of a temperate character,^ but that it 
became during Eocene time tropical and subtropical, eyen in the centre 
of Europe and North America. It then gradually grew more temperate, 
but flowering plants and shrubs continued to live even far within the 
Arctic circle, where, then as now, unless the axis of the earth has mean- 
while shifted, there must have been six sunless months every year. 
Growing still cooler, the climate passed eventually into a phase of extreme 
cold, when snow and ice extended from the Arctic regions far south into 
Europe and North America. Since that time, the cold has again diminished, 
until the present thermal distribution has been reached. 

With such changes of geogi'aphy and climate, the plant and animal life 
of Tertiary time, as might have been anticipated, is found to have been 
remarkably varied. Entering upon the Tertiary series of formations, we 
find ourselves upon the threshold of the modern types of life. The ages 
when lycopods, ferns, cycads, and yew-like conifers were the leading forms 
of vegetation, have passed away, and that of the dicotyledonous angiosperms 
— ^the hard-wood trees and evergreens of to-day — now succeeds them, but 
not by any sudden extinction and re-creation ; for, as we have seen (p. 
1164), some of these trees had already made their appearance in Cretaceous 
times both in the Old and New Worlds. The hippurites, inocerami, 
ammonites, belemnites, baculites, turrilites, scaphites, and other moUusks, 
which had played so large a part in the molluscan life of the later 
Secondary periods, now cease. The great reptiles, too, which, in such 
wonderful variety— deinosaurs, ichthyosaurs, plesiosaurs, pterosaurs, .and 
other types — ^had been the dominant animals of the earth's surface, alike 
on land and sea, ever since the commencement of the Lias, now vanished. 
On the other hand, the mammalia advanced in augmenting diversity of 
type until they reached a maximum in variety of form and in bulk just 
before the cold epoch referred to. When that refrigeration passed away 
and the climate became milder, the extraordinary development of 
mammalian life that preceded it is found to have disappeared also, being 
only feebly represented in the living fauna at the head of which man has 
taken his place. 

^ J. S. Gardner in ‘‘Geology of the Isle of Wight,” MenjL Geok Swro, 1889, p. 106. 
In the detailed discussion of the climate of Eocene time by Max Semper (cited mte, p. 834), 
he analyses the evidence furnished by the published lists (sometimes now of little critical 
value) of older Tertiary plants and invertebrates, discusses the probable direction and 
temperature of the marine currents of the period, and concludes that geographical changes 
have had far more influence on climate than has generaUy been assumed. He considers 
Ihe effect of a displacement of the north pole about 20^ towards North America. 
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Seetion i. Eocene. 

§ 1. General Characters. 

Eocks. — In Europe and Asia the most widely distributed deposit of 
this epoch is the nummulitic limestone, which extends from the Pyrenees 
through the Alps, Carpathians, Caucasus, Asia Minor, Northern Africa, 
Persia, Beloochistan, and the Suleiman Mountains, and is found in China 
and Japan. It attains a thickness of several thousand feet. In some 
places it is composed mainly of foraminifera {Niimmulitesaiid other genera ) ; 
but it sometimes includes a tolerably abundant marine fauna. Here and 
there it has assumed a compact crystalline marlDle-like structure, and can 
then hardly be distinguished from a Mesozoic or even Palaeozoic, rock. 
Enormous masses of sandstone occur in the eastern Alps (Vienna sand- 
stone, Flysch), referred partly to the same age, but seldom containing any 
fossils save fucoids (pp. 1205, 1239). The most familar European type 
of Eocene deposits, however, is that of the Anglo-Parisian and Franco- 
Belgian area, #here are found numerous thin local beds of usually 
soft and uncompacted clay, marl, sand, and sandston.e, with hard and 
soft bands of limestone, containing alternations of marine, brackish, and 
fresh-water strata. This type of sedimentation evidently indicates more 
local and shallower basins of deposit than the wide Mediterranean 
sea, which stretched across the heart of the Old World in early Tertiary 
time. 

On the western side of the Atlairtic the familiar Euiopean type of 
soft clays and sands emerges along the coast of the United States as a 
belt which, beginning in New Jersey, broadens out southwards so as to 
cover all Florida, to sweep over the plains around the Gulf of Mexico, 
and to stretch ^up the valley of the Mississippi into Missouri. As the 
rocks are traced round the Gulf region they are found to have become 
firm sandstones, shalps, and limestones, with seams of lignite. In the 
interior a succession of large fresh-water lakes was formed, wherein a 
series of sediments was accumulated unconformably upon the Cretaceous 
formations. These deposits have preserved with remarkable fulness a 
record of the plant and animal life of the time. On the Pacific slope the 
Eocene sea extended for some way inland over the site of California, 
Oregon, and Washington. 

Life. — ^The flora of Eocene time has been abundantly preserved on 
certain horizons. In the English Eocene groups, a succession of several 
distinct fioras has been observed, those of the London Olay and Bagshot 
beds being particularly rich. The plants from the London Olay indicate 
a warm elimate.^ They include species of Gallitm, Solmostrohus, G%pr&isi- 
nites, Sequoia^ Oinkgo {Salishima), Agave^ Smilax, Arrmvum, Nipa (Fig. 460), 
Magnolia, NehmUum, Victoria, HigMea, Sapindus, Eucalyptus, Gotoneaster, 
Prmm, Amygdalus, Faboidea, &c. Proteaceous plants like the living 


1 Ettiugshausen, Proc, Roy, Soc, xxix. (1879), p. 888. 
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Australian Fetro^Jiila and hopogmi have been asserted to form part of 
the Lower Eocene vegetation, but their occurrence is not yet proved ; 
the so-called Petropliiloides is now regarded as an alder (Fig. 460).^ 
During Middle Eocene time in the umbmgeous fo.jests of cvergi’een trees 



a, Sabal oxyrhachifi, Heer (reduced) ; &, Petrophiloides Richardsonl ; c, Nipa BurtinI, Brongn, sp. (i). 


— laurels, cypresses, and yews — there grew species of ferns 
A^leniwn, c^c.), also of many of our familiar trees besides those just 
mentioned, such as chestnuts, beeches, elms, poplars, hornbeams, willows, 
figs, planes, and maples. The subtropical character of the climate was 



Fig. 401.— Nummulitlc Linieslione (3). 


shown by clumps of Pandanus, ^vith here and there a fan-palm (Fig. 460) 
or feather-palm, a tall aroid or a towering cactus.^ ^ 

^ J. S. Gardner, op. cit, p. 108. 

® J. S. Gardner and 0. B. Bttingshausen, “British Eocene Flora,*’ 2 vols. Palmmitograph, 
SoG. 1879-86 ; L. Cri6, “Eeoherches sur la Vegetation de TOnest de la France & I’Epoque 
Tertiaire,” A7m,. Sd&ii. Q661, ix. (1877) ; Ettingshauseu, Ptog. Roy. Soc. xxx. (1880), 
p. 228 ; Comte de Saporta, ‘Le Monde des Plantes,’ 1879, p. 207. 
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The Eocene fauna of western and central Europe presents similar 



(( 


Fig. 40*2.— Bocone Lainollibrandis. 

rt, Gai’duuii poruloKum, Lam. ; Covbiila regnlbionsiH, Mor. ; c, Lucina Oesli. ; 

tfj Corbic\ila (Cyrcna) ciinelformis, Sow. (§). 

evidence of tropical or subtropical conditions. Especially characteristic are 
foraminifera of the genus Numnyiditf% which occur in prodigious numbers 



Fig. 468.— Eocone Gastoroports. 

a, Pusus (Clavalltlies) longsevus, Brand. (|) ; 7;, Oeritbinm (Cwiipanllo) gignntemn, Lorn. (Va) ; c, Molania 
(Melanatria) inquinata, Doftr. (8); d, Volutilithes olovata, Sow. (|); c, Rimella flseuralla, Defili. <«); 
/, Conns deperditus, Bmg. (8). 

in the nummulite limestone (Fig. 461), and also occupy different horizons 
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in the EngKsh and French Eocene basins. The assemblage of mollnsca is 
very large, most of the genera being still living, though many of them 
are confined to the warmer seas of the globe (Figs. 462, 463). Character- 
istic forms are Belosepia^ Nautilus^ Cancellaria^ Fusiis^ Pseudoliva, Oliva, 
Voluta, Conus, Mitra, Centhmn, Melania, Tumtella, JRosteUaria, Plenrotonia, 
Cijp'm, Natka, Scala, Corlula, Gyrena, Cytlmea {Meretii£), Ghama, Lacina} 
Ksh remains are not infrequent in some of the clays, chiefly as scattered 
teeth (Fig. 464) and otoliths. The living tropical siluroid genus Anns 
has been found in these deposits. Some of the more common selachian 
genera are Lamna, Odontasj^is, MyUohatis, Aetobates, Pristis. Ganoids are 
now rare. Teleosteans are represented by Phyllodus, Aoius, and other 
genera. The Eocene reptiles present a singular contrast to those of 
Mesozoic time. They consist largely of tortoises and turtles, with 
crocodiles and sea-snakes. It is suggestive to find remains of siluroid 
fish, crocodiles, and chelonians, preserved in deposits of Eocene age, for 
the assemblage is like what may now be met with in tropical seas of the 



Fig. 4M.— Eocene Fishes. 

a, OdoutaspiB elegaus, tooth of, Ag. (§) ; h, Lamna obliqtua, tooth of, Ag. (3). 

present time. An interesting series of remains of birds has been 
obtained from the English Eocene beds. These include Argilbrnis 
longijpennis (perhaps representative of, but larger than, the modern 
albatross), Dasornis, Gastoims, Halcyomis toliai^icm, IMhmk mltwinus, and 
Odontoidenjx toUapkus, a fish-eating bird with bony tooth-like processes 
to its large beak. From the upper Eocene beds of the Paris basin 
ten species of birds have been obtained, including forms allied to 
the buzzard, osprey, hawk, nuthatch, quail, pelican, ibis, flamingo, and 
African hornbill.® But the most notable feature in the palaeontology of 
the period is the advent of some of the numerous mammalian forms for 
which Tertiary time was so distinguished. In the Lower Eocene period 
appeared the primitive carnivores Arctocyon and Palmnktis, two ^nimala 
with marsupial affinities, the former with bear-like teeth, the latter with 

^ For a list of British Eocene and Oligocene moUnsca consult the volume by B. B. 
Newton, one of the series of Catalogues issued by the British Museum. 

^ Owen, (2. L <?. N, 1856, 1878, 1878, 1880. Boyd Dawkins, ‘Eayly Man in Britain/ 
p. 88. Milne Edwards, * Oiseaux Fossiles,’ ii. 548. 
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teeth like those of the Tasmanian dasyure ; also the tapir-like Gcryjphodon ; 
the small hog-like Hyraeotherium, with canine teeth like those of the 
peccary, and a shape intermediate between that of the hog and the hyrax. 
Middle Eocene time was distinguished by the advent of a group of 
remarkable tapir-like animals {Palmtlienum, Pala^lotheftiwni, I^hiodon-^ 
Pouchy mlo;plius) ; creodonts or forms of primitive carnivores {Provivem, 
Pterodaii, JSyfemdon, Cjpwdon) ; and lemuroids {HeterohyuSy Mkrochos/i'us, 
Cc&nqpithecits)y the earliest representatives of the tribe of monkeys. 
With the upper Eocene period, besides the abundant older tapir-like 
forms, there came others (Anoplotherium (Fig. 468), Anchitlierium), some 
•of which presented characters intermediate between those of the tapiroid 
Palseotheres and the true Equidse. They were about the size of small 



ponies, had three toes on each foot, and are regarded as ancestors of the 
horse. Numerous hog-like animals (DiplopuSy Hyopotamus) mingled with 
herds of ancestral hornless forms of deer and antelopes (Dicholmne, 
Dichodon, Amjihiti'agulus). Opossums abounded. Among the carnivores 
above referred to were animals resembling wolves (Gyiwdon), foxes {Am- 
phicyon), and wolverines {Hymodon or Tylodon), There appear to have 
been also representatives of our hedgehogs, squirrels, and tets.^ 

It is from the thick Eocene lacustrine formations of the western 
Territories of the United States that the most important additions to our 
knowledge of the animals of early Tertiary time have been made, thanks 
to the admirable and untiring labours, first of Leidy, subsequently of 
Marsh at Newhaven, Cope at Philadelphia, and Osborn and Wortman in 
New York. The herbivorous ungulates appear to have formed a chief 
element in this western fauna. They included some of the oldest known 
.ancestors of the horse, with four-toed feet, and even in one form 

1 H. Filhol, M&)U Giol Soc, France (8), v. No. 1 (1888). 

2 Gaiidry, ‘Les BnchaJuemente du Monde Animal,* p. 4. Boyd Bawkms, ‘Early Man 

in Britain,* chap. ii. L. Etitimeyer, VerhanM, Basd. ix. (1890), Heft 2. 
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Pig. 467.— Skull of Ulntatlierium (Tinoceros) ingens (about 


and especially striking from their pair of long incisor teeth (TiUotherium^ 
Amhippodus, Stylmdon). This author, from another assemblage of 
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skulls and bones of animals about as large as a fox, has proposed to 
establish a separate order of mammals, that of the Mesodactyla, which in 
his opinion stands in somewhat the same relation to the typical ungulates 
that the tillodonts do to rodents.’- Still more extraordinary were the 
Deinocerata or Uintatheriidse, possessing, according to Marsh, the size 
of elephants, with the habit of rhinoceroses, but bearing a pair of long 
horn-like prominences on the snout, another pair on the forehead, and a 
single one on each cheek {Umtatliermm, Figs. 466, ^ 467, including in the 
same genus the forms described under the names Deinoceras, Tinoceras, 
EobasUeiLS, Loxolophodon). With these animals there coexisted large and 
small caimivores of the primitive type of the Oreodonts {PalmonictiSj 
Viverrams, AmUydoms^ Ptdnofdis, OxyasnUy Miam {Uluftirtiou), Sinqpa, 
Pachyaim, &c.). There were likewise early types of lemuroid monkeys 
(Amptpmoi'phus) and others which by some palaeontologists have been 
regarded as probably primitive anthropoid apes (Microsyops). 


§ 2. Local Development. 


Britain.^— Entirely confined to the south-eastern part of England,** the British 
Eocene sti’ata occupy t'wo synclinal depressions in the Chalk, which, owing to 
denudation, have become detached into the two well-defined basins of London and 
Hampshhe. They have been airanged as in the subjoined table : — 


Uampshirc, 

f Headon Hill or Barton Sands. 
^ “I Barton Olay. 



Brackleshani beds, and loaf beds of 
Bournemouth and Alum Bay. 


i 


3 


London Clay (Bognor beds). 
Woolwich and Reading beds. 


London, 

Upper Bagshot Sands. 

Midille Bagshot beds, part *of Lower 
Bngshot Sands. 

Part of Lower Bagshot Sands. 

Loudon Clay. 

Blnckheiith or Oldhaven buds. 
Woolwich and Reading l)edH. 

Tliauet Sand. 


Lower Eocene. — The Thauet Sand‘d at the base of the London hasin consists of 
pale yellow and greenish sands, soinotimes clayey, and containing at their bottom a thin, 
but remarkably constant, layer of green -coated flints resting directly on the Chalk. 
According to Mr. Whitaker, it is doubtful if proof of actual erosion of the Chalk can 
anywhere be seen under the Tertiary deposits in England, and he states that the 


^ Marsh, op. cit (1892), p. 446. See also H. P. Osborn, Joimi, Acad. PhUaddph. ix. 
(1888). Compare the lists of mammalia, postecc, pp. 1234 and 1243. 

This restoration was supplied by Professor Marsh, whose Monograph on the Deinocerata 
the student should consult. Jfoii. IT.S, Q. 8. vol. x. (1886). 

® See Oonyheore and Phillips, * Geology of England and Wales.’ Prestwich, 0- C. 8. 
vols. iii vi. viii. x. xi. xiii. Edward Forbes, “ Tertiary Pluvio-marine Fonnation of the Isle of 
Wight," Mm. Ueol 8un\ 1866. H. W. Bristow, C. Reid, and A. Strahaji, “ Geology of the 
Isle of Wight," Mm. Geol, 8urv. 2nd edit. 1889. Whitaker, “ Geology of London," Mm. 
Ceol. Surv. 1889. Phillips, * Geology of Oxford and the Thames Valley,’ 1871. 

^ Mr. J. S. Gardner, however, has classed as Eocene the plant-bearing beds of Bovey, 
Antrim, &c., described at p. 1261 under the Oligocene subdivision. 

Prestwich, Q. J. G. 8 viii. (1862), p. 237. 
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Thanet Sand eveiywhere lies upon an even surface of Chalk with no visible unconfomi- 
ability.^ Professor Phillips, on the other hand, describes the Chalk at Reading as 
having been “ literally ground down to a plane or undulated surface, as it is this day on 
some parts of the Yorkshire coast,” and having likewise been abundantly bored by 
lithodomous shells.® The Thanet Sand appears to have been formed only in the London 
basin ; at least it has not been recognised at the base of the Eocene series in Hamp- 
shire. It has yielded numerous organic remains in East Kent, but is almost unfossili- 
ferons farther west. Its fossils comprise about 70 known species (all marine except a 
few fragments of terrestrial vegetation). Among them are several foraminifera, numer- 
ous lamellibr^chs {Astarte tenera, Cyprina scviellaria {plaiiata\ Ostrea lellomcvtw,, 
CucullsMi> deoussaia (crassatma), Pholadomya cmieata^ P. Kminchii, Corb'ida rcgulbiemnsj 
&c.), a few species of gasteropods {Natica infundibulum {subdepressa), Aporrlmis 
SowcrUi, &c.), a nautilus, and the teeth, scales, and bones of fishes {Odontosis, 
Pisodus). 

The "Woolwich and Reading Beds,® or “Plastic Clay” of the older geolo- 
gists, consist of lenticular sheets of plastic clay, loam, sand, and pebble-beds, so variable 
in character and thickness over the Tertiary districts that their homotaxial relations 
would not at first be suspected. One type (Reading) presenting unfossiliferous lenti- 
cular, mottled, bright-coloured clays, ^i.th sands, sometimes gravels, and even sand- 
stones and conglomerates, occurs throughout the Hampshire basin and in the northern 
and western part of the London basin. A second type (Woolwich), found in West Kent, 
Surrey, and Sussex, from Newhaven to Portslade, consists of light-coloured sands and 
grey clays, crowded 'with estuarine shells. A third type, seen in East Kent, is composed 
only of sands containing marine fossils. These differences in lithological and paljeonto- 
logical characters serve to indicate the geographical featuies of the south-east of 
England at the time gf deposit, sho'wing in particular that the sea of the Thanet beds 
had gradually shallowed, and that an estuary now partly extended over its site. The 
organic remains as yet obtained from this group amount to more than 100 species. 
They include a few plants of terrestrial growth, such as Ficua Forbesi, Grevillea Eec)% 
Laurus HookeH, Arcilia, Lygodium, Liriodendroit, and PlcUanus — a floi*a which, 
containing some apparently persistent lypes, has a temperate facies.'* The lamelli- 
bi*anehs are partly estuarine or fresh-water, pai'tly marine ; characteristic species 
being Coi'bicvda cuneifomiiSi C. cordata, and C, teUinella^ Ostrea. bellovadna forms a 
thick oyster-bed at the base of the series, besides occurring throughout the group. 
Ostrea tenera is likewise abundant. The gasteropods include a similar mixture of 
marine with fluviatile species {Potamides funatus, Melania {Melanatria) inquinata., Melan- 
opsisbuccinoides, Nentina globulus^ Naticainfimdihulumt Pisania (Fhtsus) lata, Vvoipants 
{Pedudina) Urdus, Planorbis hemistoma, Pitharella Itickmanni, &o.). The fish are 
chiefly sharks (fldonta^ns). Bones of turtles, scutes of crocodiles, and remains of 
gigantic birds {Qastoi'nis) have been found. The highest organisms are bones of 
mammalia, including the Coryphodon, 

The Blackheath or Oldhaven Beds,** at the base of the London Clay, con- 
sist in W. Kent almost wholly of rolled flint-pebbles in a sandy base, which, as Mr. 
Whitaker suggests, may have accumulated as a bank at some little distance from 
shore. Though of tiufling thickness (20-40 feet), they have yielded upwards of 150 
species of fossils. Traces of Ficfits, Oinnamornum, and conifers have been obtained from 
them, indicating perhaps a more subtroirical character than the flora of the beds below, 

^ * Geology of London,* p. 107. 

3 * Geology of Oxford,* p. 442. r 

® Prest-wich, Q. L G, 3, x. p. 75 ; Whitaker, ‘Geology of London,’ p. 222. 

^ C. B. Ettingshausen and J. S. Gardner, “ British Eocene Flora,’* Palaeoniog, 3oc, vol. 
i. (1879), p. 29. 

^ Whitaker, Q, J, G. 3, xxil (1866), p. 412 ; ‘ Geology of London,’ p. 214. 




SECT, i § 2 


EOGENE SERIES 


1231 


but without the Austitilian and American types which appear in so marked a manner 
in the later Eocene floras.^ The organisms, however, are chiefly marine and partly 
estuarine shells, the gasteropoda being partioularly abundant {Galyptrasa aperta [trodhi' 
f&rmis), Fotamides f-mmtus, Melania {Mela'natria) inquinata, Natica infund/Saulum^ 
FrotocarcUa phmstedi&nsiSi Fcctwiumlus terehratularis, &o. ). 

The London Clay*-^ is ajdeposit of stiff brown and bluish-grey clay, with layers 
of septarian nodules of argillaceous limestone. Its bottom beds, commonly consisting 
of green and yellow sands, and rounded flint-pebbles, sometimes bound by a calcareous 
cement into hard tabular masses, form in the London basin a well-marked horizon. 
The London Clay is typically developed in that basin, attaining its maximum thickness- 
(500 feet) in the south of Essex. Its representative in the Hampshire basin, known as 
the “ Bognor Beds,” and exposed at Bognor on the Sussex coast and at Portsmouth, 
consists of clays, sands, and calcareotis sandstones, thus differing somewhat, both 
litliologically and palceontologically, from the typical development in the London 
basin. The London Clay has yielded a long and varied suite of organic re- 
mains, that point to its having been laid down in the sea beyond the mouth of 
a large estuary, into which relics of the .vegetation, and even sometimes of the 
fauna, of the adjacent land were swept. According to Professor T. Rupert Jones, 
the deptli of the sea, as indicated by the foraminifera of the deposit, may have been 
about 600 feet. Professor Preatwich has pointed out that there are traces of the 
existence of palteontological zones in the clay, the lowest zone indicating, in the east 
of the area of deposit, a maximum depth of water, w'hile a progressive shallowing is 
shown by three higher zones, the uppermost of which contains the greater pai-t of the 
teiTestrii vegetation, and also most of the flsh and reptilian remains. The fossils are 
mainly marine mollusca, wliich, taken in connection with the flora, indicate that the 
climate was somewhat tropical in character. The plants include the fruits, seeds, or 
leaves of the following, among other genera, the fossils having been mostly obtained 
from the Isle of Sheppey : Sequoia, Finm, Oallitris, Oinkgo; Mim, Mpa, Sdbal, 
Chamieroys; Querms, Ziquidavilar, Laurm, Nyesa, Ziospyros, Symplocos, Mag'iwUa, 
Victm'ia, Hightea, Sapimlv^, Cupania, Eugenia, Extmlyplus, Amygdalv^.'^ Diatoms are 
found in the lower 50 feet of the London Clay,** and numerous foraminifera have been 
obtained by washing the clay. Cimstacea abound {Xantliopm, Iloploparia), Of the 
lamellibi*auchs some of the most usual genera are Avicula, Gardium^ Gorbula, Nueulam 
{Leda), Modiola, Mucula, Fholadomya, Finim, and Vcnericardia. Gasteropoda ai’o the 
prevalent moUusks, tlie common genera being Flenrotmm (46 species), Eusm (15 
species), Gyprm, Mnrex^ JS^edim, Gassis {Gassidaria), Fymla, and Valuta. The 
cephalopods are represented by 6 or more species of NmUiJm, by Beloanpia aepiokha, 
and Bcloptem Zevesquei. Nearly 100 species of iislies occur in this formation, the i-ays 
{Myliobatis, 14 species) and sharks {Odmitaspis, Zmmia, &o.) being specially numerous. 
A sword-fish {Tetraptiems prUeus) and a saw-fish (Jhistid) have likewise been met wuth. 
The reptiles were numerous, and markedly unlike, as a whole, to those of Secondary 
times. Amoug them are numerous turtles and tortoises {Zytoloma, 8 species, A rgiUochelys, 
2 species, Trimiyx^ 1 species, Fodmiemya, 2 species, FseudaVrimhyse, 1 species), tw^o species 
of crocodile, and a sea-snake {Falmplm toliapifnis), estimated to haye equalled in size 
a living Boa mistrictm Tlio London olay has yielded the birds above mentioned 
{Zithomis mlturmis, Haley amis toUapmi^s, Zasomis londinensis, Odmitopteryx tolia- 
pirns, Argillomis longipenivis). The mammals included foims resembling the tapii’s 
(HyracoHicrimi, O(yrypliodon, &c.), an opossum {Zidelphys), and a bat. The carcases 

1 J. S. Gardner, op. cit. pp. 2, 10. 

2 Prestwich, Q. J. G. S. vi. p. 255 ; x. p. 435 ; Whitaker, ‘Geology of London,' p. 238. 

3 Bttingshausen and Gardner, “ British Eocene Flora,” Palssontograph. Soc. p. 12; 
Bttingshausen, Froc. Roy. Soc. xxix. (1879). 

^ W. H. Shrubsole, Jo^im. Roy. Microscop. Soc. 1881. 



1232 


STBATIGBAFHIGAL GEOLOGY book vi par® iv 


of tliese animals must have been borne seawards by the gi*eat river whieh ti’ansported so 
much of the vegetation of the neighbouring land. 

Middle Eocene. — In the London basin this division consists chiefly of sands, which 
are comprised in the two sub-'tetagea of the lower and middle “ Bagshot Beds.” The 
lower of these, consisting of yellow, siliceous, unfossiliferous sands, with irregular light 
clayey beds, attains a thickness of about 100 to 160 fe^pt The second sub-stage, or 
^‘Middle Bagshot Beds,” is made up of sands and clays, sometimes 60 or 60 feet thick, 
containing few organic remains, among which are bones of turtles and sharks, with a few 
moUusks {y&ncrica/rdia acuticostai V. eleganSt V, j^lanicosta, V. ifiiibricataf Corbula 
gaMimi 0. Larmrcktii Ostrea ficCbcllula)* 

In the Hampshire basin, the Middle Eocene series attains a much greater develop- 
ment, being not less than 660 feet thick at the west end of the Isle of Wight, where it 
consists of variously-coloured unfossiliferous sands and clays, with minor beds of iron- 
stone and plant-bearing clays, x'^oi^ting to an alternation of marine and estuarine 
conditions of deposit.^ On the mainland at Studland, Poole, and Bournemouth, the 
same strata appear. The important series of clays, marls, sands, and lignites, upwards 
of 100 feet thick, known as the Bracklesham beds from their occurrence at Bracklesham, 
on the coast of Sussex, has yielded a large series of marine orgauisms. Among these are 
the fishes JPristis, Odontosis, Lamna, Myliobatia, also the sea-snake BalssophiSy and the 
mollusks Belosepia sepioidea^ B, Oweni% Qyprasa wflata^ Gisortia tuhermlosa^ Marginella 
ehumca, if. omdataj Voluta a'ngiista, F. 'iimridwiy Volv/tiliihca cftenulaim^ F. spinosus, V, 
cithami Lyria BroAxAenri^ MUtcl lahmtulat Cmius deperditus, 0. Lamarcikii, Pleurotmm 
dentatat P. texbiliosct^ Murex (Ptcronohis) asper^ Clamlithes {Fuaus) longssmcs, Tumtdla, 
imbriccUaria, OstreadorscUa, 0, Jldbellulaf Peden {Pseud-amusium) conieuSf P. {Amusiim) 
sgiuimula, Zitna expa^isa, Spondylm Ta/rispina,^ Avicula onedia, Pimia tnargariiacea, 
Modiola {Litiwdomus?) Deshayesi, Area hiangula [Branderi\ A, intermpta, A.plcmicosta, 
Limopsis granulata, Niicfida miivor, Numlana, {Leda) gaUottianm^ Vmwricardia cmUicosia, 
F. elegariSi F. imbricata, F. plmicosta^ Cra^sstUelld grignoneTisiSi (Jhmm calcarata, C, 
gigaSj NummiUUes la&vigatus, (JV. scaber) Aheolina The Bracklesham beds 

reappear to a small extent, as greenish clayey sands, in the London basin, where they 
form part of the Middle Bagshot group. 

One of the most chai-acteristio features of the English Middle Eocene division is the 
abundant terrestrial flora which has been disinterred especially from the plant-beds of 
Alum Bay and Bournemouth, It is remarkable that this vegetation is apt to occur in 
patches or ‘ ‘ pockets ” which may mark the sites of pools into which it was blown by wind 
or transported by streams, so that varied though it be, it doubtless affords no adequate 
picture of the variety of the flora from which it w'as derived. From Alum Bay, in the 
Isle of Wight, according to Ettingshausen’s census, not fewer than 116 genera and 274 
species belonging to 63 families have been obtained.® A feature of special interest in 
this flora is to be found in the fact that it is the most troxncal in general aspect which 
has yet been studied in the northern hemisphere. This character is particularly indicated 
by the numbera of species of fig, and by the Artocarpecc, Oinohonaoeui, Sajiotacere, 
Ebenaoeae, Biittneriacete, Bombaceie, Sapindaceee, Malpighiaceae, &c. The most con- 
spicuous and typical forms are BoworhaMijAraliaprimigmia^ Dryandra amtUoha, 

J). Bunhxxryi, Cassia Utigeri, and the fniits of Qmalpinia, Many of the dicotyledons 
belong to species elsewhere found in what have been considered to bo Miocene deposits. 
More than fifty species of the Alum Bay flora are found also in those of Sotzka and 

1 “G^eology of the Isle of Wight ” in Mem, Ocol, Surv, p 109. 

2 See Dixon’s ‘Geology of Sussex'; Edwards and S. Wood, “Monograpt: of Eocene 
Mollusca,” Palssentograph, Soc. 

® Mr. Gardner suspects that in this estimate species from other localities have been 
included with those from Alum Bay, “Geology of the Isle of Wight” in Mm, Oeol, Sure, 

p. 106. 
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Haring (p. 1239), while a lesser number occur in those of Sezanne (p. 1285) and the 
Lignitic series of Westeni America.^ Tlie Bournemouth beds, believed to be rather 
higher in the series than those of Alum Bay, lie immediately below the Bracklesham 
beds. They have yielded none of the prevailing types of plants that occur at Alum 
Bay, but this may no doubt be due to local accidents of deposition. Tlie Bourne- 
mouth flora is likewise an abundant one, and suggests a comparison of its climate and 
forests with those of the Malay archipelago and tropical America.^ The celebrated 
lignitU'erous deposit of Bovey Tracey iu Devonshire, as alreadj^ mentioned, has been 
referred by Mr. Gardner to this horizon.^ Crocodiles still haunted the waters, for their 
bones are mingled with those of sea-snakes and turtles, and with tapiroid and other 
older Tertiaiy types of terrestrial creatures. The occurrence of the forarniniferal genus 
Nicmmiilites is noteworthy. Though not common in England, it abounds, as already 
stated, in the Eocene deposits of central and eastern Europe. 

Upper Eocene. — The liighest division of the Eocene strata of England, according to 
the classiflcatioii here followed, includes the uppermost part of the Hampshire series, 
which ha.s long been known as tlie Barton Clay,” with, perhaps, the Upper Bagshot 
Sand of the London Basin. The Barton Clay does not occur in that basin, but forms an 
impoi-tant feature in Hampshire, where, on the cliffs of Hordwell, Barton, ami in the 
Isle of Wight, it attains a thickness of 300 feet. It consists of grey, greenish and brown 
clays, with bands of sand, and has long been well known for the abundance and 
excellent presei'vation of its fossils, chiefly inollusks, of which more than 600 species 
have been collected, but including also fishes {Lamoia, Myliohatw^ Arim) ami a crocodile 
{Diplacyihodon). The following list includes some of the more important species for pur- 
poses of comparison with equivalent foreign deposits : Volutilithes liLctatnx, V, amhifju'iis, 
F. athlela^ Gmius scalyncuhiSf Conorbis donnitm\ Hmrot&nva roUmta (and numerous 
other species), Glavalithes {Fusm) lowjtemis^ Symivi pyriLs, Ostrea ytyantca, 0. flabdhda^ 
Vulsella deperditOi Pecten remidiius, lAmva compta, X. soror, Aincula media, Modiola 
{Uodiolaria) semmuda, M, {Modiolaria) mlmJta, M. Unuistriata, Area appendiculata, 
Peciunmlus {Glycimeris) dcleta, Venerienrda Bavidsmi, V. mhaia, Cnmatella snkcUaf 
Oha/ma squamosa, N'ummuHtes elcgans, K, varioJaHa. 

In the Loudon basin the position of the so-called **Up])cr Bagshot Sands” has been 
the subject of some discussion, there being no marked sepamtion between them and the 
group known as Middle Bagshot.” They consist of sands with ferruginous concretions 
which have yielded TurritcUa wihncata'ria, Ostrea fiabcUula, and other shells found in 
the Barton Clay. 

Above the Barton Clay and forming the highest member of tbo Eoceiio sorics comes 
a mass of unfossiliferous or sparingly fossiliferous sands, from 140 to 200 feet in thickness, 
so purely siliceous as to be valuable for glass-making. These depo.sits in the Isle of 
Wight ai-e immediately covered by tho base of the Oligoceiie scries. They have been 
called “Upper Bagshot,” but as they probably occupy n higher horizon than tho true 
Upper Bagshot Sand of the London basin, the local term Headon Hill Sand or Barton 
Sand is more convenient for them,'* 

It is probably from the Bagshot sands that the great majority of the so-called 
“ Grey Wethers ” or “Druid stones ” of the south of England have been derived, which 
have already (pp. 463, 464) been rofeiTed to. 

^ Ettingahauson, Proc, Roy, Sue. 1880, j). 228. See J. S. Gardner, Gaol. Mag. 1877, 
p. 129 ; Nature, xxi. (1879), p. 181 ; the Monograph on Eocene Flora already cited, and 
“Geology of the Isle of Wight” iu Mem. Ged. Sun\ p, 104. 

® J, ^ Gardner, Q. J. G. S. xxxv. (1879), p. 209 ; xxxviii. (1882), p. 1 ; Proc. OeoU 
Assoc. V. p. 61 ; viii. p. 806 ; Oeol Mag. (1882), p. 470. 

® Quart. Journ. Geol, Soc. xxxv. p. 227 ; xxxviii. p. 3. For an account of this deposit 
and its flora, consult W. Peugelly and 0. JHeer, PhU. Tram. 1862. S^postea, p. 1251. 

C. Reid, “ Geology of the Isle of Wight,” M&tu. Geol, Siiro. p. 122. 
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Northern France and Belgium.^ — The anticline of the Weald which separates the 
basins of Loudon and Hampshire is prolonged into the Continent, where it divides the 
Tertiaiy areas of Belgium from those of Northern France. There is so much general 
similaiity among the older Tertiary deposits of the whole area travei*sed by this fold as 
to indicate a probable original relation as parts of one great tract of sedimentation. 
Local differences, such as the rei)lacement of fresh -water beds in one region by marine 
beds in another, together with occasional gaps in the record, show us some of the 
geographical conditions and oscillations during tire time of deposition. The following 
table gives the general grouping and correlation of the Eocene foimations in this 
region : — 


Weminelian sands of Belgium. 

Laekeuian sands. 

Brnxellian sands and sandstones. 


Paniselian sands. 


Ypresian sands and clays. 

Heersian marls and Landenian sands. 






Lndian or f gypsum and marls. 
Priaboman. 

^Limestone of St. Ouen. 


Lutetian. 

§ 




Bartonian. - Sands of Beauchamp, &c. 
y (Sahles Moyens). 

('Caill asses or Upper Calcaire 
Grosbier (fresh-water). 
Middle Cicaire Grossier 
I (marine). 

I Lower Calcahe Grossier 
\ (ftesh-water). 

L^dinian or of and Soissons. 

Ypresian. \ 

Sparnacian. Plastic clays and lignite. 

f Limestones of Ehly and 
Thanetian. -[ S6zanne. 

(Sands of Brachenx. 


M. Gaudiy has shown that this classification is borne out by the distribution of the 
mammalian remains in the successive subdivisions as indicated in the subjoined tabular’ 
statement :® — 


Paris Gypsum 
(Ludian). 


Sands of Beauchamp 
(Bartonian). 


"Appeai'ance of the genera opossum, Chn 

\nopJot}i>erimn (Fig. 468), huiytlh rin„i, 
^ ii A HcJu7nj/h i(^. Acollierulum^ Ceboch<cri(s^ 

Xiphodoii, Plesi^U'L'Umiys, dormouse ('^), 

Trechomj/s, (ralethylax (V), EytentHlon^ AtUq^h. Reign 
of pachyderms. The caniivora have still jiartly 
, marsupial characters. 

/ genera Mkrochcanis^ Chrermnoniti, 

J ■ #. Hyqiwtainus, jbiplnpus, Dichohmc^ 

I I'ulgi'hoir f'j. Tluridomys, squirrel, Sciinvafes, Am phi- 
r.fi-ii, ^ bat. 


Calcaire Grossier 
(Lutetian). 


f Appenrancp the g('ni‘”.a \t'*'i'athvrium (?), Ptdavfhcn’um, 
-| Paehynohphus., Pterudoiif 

t /'/■•»#•#• iffj ^ f"Y»f //»i * 


J Appearance of the genera llynicothcmm and J^Uolophva. 


Sands of Cuise 
(Londiniau), 

somi^ (Sp!>mLtau)V ] of tl>e genera Gmyphotlmi and Palawietis. 


Glauconitic sandstone 
of La Fere (Tlianetian). 


I Appearance of A rctocy on. 


^ For a comparison of the Lower Eocene gi’oups of Paris, Belgium, and England, see 
Hebert, B. K (f. F. (3), ii p. 27. A. Rutot and G. Vincent, Ann. }ioc. aSoC Bdgiqxm 
vi. (1879). Prestwich {Brit, jIssoc. 1882, p. 538) regarded the Sahles de Bracheux os re- 
presenting only the lower part of the Woolwich beds. 

® *Les Enchatnements du Monde Animal dans les Temps Geologiques— Mammiferes 
Tertiaires,’ Paris, 1878, p. 4. Compare the American table, jmstea, p. 1243. 
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Loweu Eocene (Paleocene). — In the Paris basin certain glauconitic sands form 
an excellent horizon, which corresponds to the Thanet Sand of England and Dumont’s 
“ Systeme Landenien ” in Belgium.^ They arc sometimes indurated into a compact 
stone and ‘are marked by the occurrence of Cyprincb Scutellaria, In the Department of 
the Oise they form the Sables de Bracheux — ^greenish glauconitic sands with a basement- 
band of green-coated Hints resting genemlly directly on the Chalk. This sandy member 
of the series, traceable as a definite platform through the Anglo-French and Belgian 
area, contains among its characteristic fossils Pholadoviya cumata^ P, KoiiincTcii, 
CucitlliBa ci'ossatwui, Pecten {Propcamusmai) h'cviaiu'itiis, Psammohia {OaH) Edicardsii^ 
Ostrca hellomcina, T'umtclla bellovacinaj Natica dcshajiesianaf Volutilithcs dcpressus. 
Above these sandy marine strata come the ‘sands, marls, and limestones of Rilly near 
Reims, with fresh-water shells. Farther south these various deposits are replaced by 
the travertine of Sezanne, about fifteen feet thick, which has yielded a rich assemblage 
of terrestrial plants {Gharct, AspUniuniy Also^diUa, Jutfla^iditcs^ Samt/ras, VitiSy Hedenra^ 
&c.), together with caddis- worms, insects, and enistaceans.- The sandy strata at 
the base of the Eocene series of the noiH:!! of France, together with the Rilly and 
Sezanne deposits, are classed as fonning the Tlianetian stage of the seiies. Above 
these deposits comes the ^‘Argile plastique” of the Paris basin, with the associated 



Kijj;. 40S. — Anoplotlicrium coiniiiune, Cuv. (much rB<Uicc«l). 


lignites of the Soissonnaia. The molluscan fauna of these strata resembles that of 
the AVoolwicdi and Reading beds, Ostrea hcUovacim, Melania {Mdanatria) 'iuquhicda 
and Gorbimlu cunciformis being common shells. This division of the Scries has boon 
named the Sparnaoian stage from it.s development at Epormiy (Sparnaciim). The 
London Clay, though well represented in Belgium and French FIandei*K, iloes not extend 
into the Paris hasiii, whore it appears to he repre.soiited hy a group of sandy strata 
which, ill the valley of the Aisne, are more tliau 150 feet thick, and overlie the lignites 
of the Soissoniiais. These sands (Sablo.s de Guise or du Soissonnais) contain, among other 
abundant and well-preserved marine organisms, NummuUte^phmulatuH, Turntella edita^ 
T. hyhrida, CrassateVa proymffita, Lueina squavmla. These strata, which may be the 
equivalent of the lower part of the English Bagshot Sand, ibrm tlio highe.st member of 
the Lower Eocene stages of the Paris baHin, From the typical devoloi>meut of this clay 
in the London basin this stage lias been mimo<l Londiuian ; other writers have termed it 
Yprosian from Ypres in West Klanders, where the Belgioii^typo of the clay is well seen. 

The Lower Eocene formations in tlio Belgian area present some dilferoiieos from those 
of the Paii^hasin. They have been grouped by Dumont into a series of “ayst^jmes.” 

^ Hi'hert, Attn, ^^cimees iv. (1873), Art. iv. p, 14. On the relations between the 
sands at the base of the Eocene series in the noi'th of France and the Paris basin, see 
Gosselet, Bidl, Sew, Carte, Geol, Pi*ance, No. 8 (1890). 

Saporta, MS'tn. Soe, Pranre, (2) viii. ; ‘Le Monde des Plantes,’ p. 21*2 et seq. 
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Above the Moutian, whicli is now placed at the top of the Cretaceous series, comes the 
“Systeme Heersien,” so named from its development at Heers, in Limbourg. With a 
total depth of about 100 feet, it consists of (1) a lower division of sandy beds, with 
Cyprina scutcllarion C. Morrisiif Modiola elegans, and other marine shells, some of which 
occur in the Thanet Sand of England and the Sables de Bracheux ; and (2) an upper 
division of marls (Mames de Gelinden), containing, besides some of the marine shells 
found in the lower division, numerous remains of a teiTestrial vegetation {Osnmnda 
eocenicaj Chamsscyparis helgim, Roacltcs latissimust and species of Qiiercus, Salix^ 
Ginnainomum, Lmcrus^ Vihurnum, SecUra^ Aralia^ &o.)^ 

The “Systfeme Laudenien,” corresponding to the Woolwich and Reading beds of 
England and the Argile plastifiue and Lignites du Soissonnais of Prance, is divisible 
into two stages: 1st, Lower marine gi*avels, conglomerates, sandstones, marls, &c., 
with badly preserved fossils, among which are TiirntcUa hdlovacina, Gucullssa decussata 
{crassatina), Rrotocardia Edtcardsi, Cyprina Scutellaria^ Corbida regulbiensis^ Rlwla- 
domya Koninchii ; 2nd, Upper fluvio-marine sands, sandstones, marls, and lignites con- 
taining Melania {Mela'natria) inguinata^Melanopsis buccinoides, Rotamidcs fanatmt Ostrea 
bellovacina, Corbicula cuncifo^'mis^ with leaves and stems of terrestrial plants. 

The “Syat^me Ypresien” consists of a great series of clays and sands answering 
generally to the London Clay. It is divided into two stages ; 1st, Lower stiff gi’ey or 
brown clay (Argile de Flanders or d’Ypres), sometimes becoming sandy, and probably 
an eastward extension of the London Clay. The break between this deposit and the 
top of the Landenian beds below is regarded as filled up by the Old haven beds of the 
London basin. The only recorded fossils afe forannnifera agreeing with those of the 
London Clay and some Crustacea {Xantlwpsis), 2nd, Upper sands mth occasional 
lenticular intercalations of thin greyish-green clays, with abundant fossils, the most 
frequent of which are Mxmmulites plamdatus (forming aggivgated masses), Tiimtella 
edita, T, hybrida, Vermetus hognarensis^ Pecten emueus, Pcctuncnlus deenssatus, Lucina 
sguamula, Ditrupa plaua. Out of 72 species of mollusks, 45 are found also in the 
Sables de Ouise and 20 in the London Olay.® 

The “ Syst^me Paniselien,” so named from Mont Panisel near Mons, consists chiefly 
of sandy deposits not markedly fossiliferous, but containing among other forms IlimcUa 
fissurellttf Vblutilithes elevatus^ Tmritella Dixoni, Mcrctnx {Cytkerea) ambigiiat Lucina 
sguamula. Out of 129 species of mollusca found in this deposit, 91 appear in the 
Sables de Cuise, and only 86 pass up into the Calcaire Grossier. Hence the Paniselian 
beds are placed at the top of the Lower Eocene stages of Belgiimi. 

Middle Eookne.— This dirision is so fully developed in the Paris basin that the 
name of Lutetian (from Lutetia, the old appellation of Paris) has been given to it. It is 
there formed by the chai-acteristic, prodigiously fossiliferous Calcaire Grossier, which is 
subdivided as under — 



Upper sub- 
group with 
OardiumoUi- 
quum and Ce~' 
rWbimi den- 
ticulutum. 

Middle sub- , 
group with 
Lvcina saxo-A 
rum and Mi - 1 
liola. 


^4. Limestone with Cardinm obligmun and Genthiuin 
Blainvillei. 

3. Limestone with Gerithinvi dmticvlatum and Potamides 

cristatus. 

2. Siliceous limestone with midetennined forms of Pota- 

viides. 

^ 1. Coral limestone {Stylocoenia). 

4. Siliceous limestone with parting of laminated marl. 

3. Limestone in small thin boards with Corbula (Roohette). 
2. Limestone with Miliola and Lucina saxorui/i (Roi-ln-). 

1. Siliceous limestone with indeterminate 'Hanus 

^ francs). 


^ De Saporta and Marion, MM. Cour. Acad. Roy. Mg. xli. (1878). 

® Mourlon, *Geol, Belg.’ p. 211, 

® Dollfus, B. 8 . G. F. 3® ser. vi. (1878), p. 269 ; Michelet, op. cit. 2® ser. xii. p. 1336. 
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Lower sub- 
group with 
Potamidesla- 
pid'Kiti aud 
Miliola, 


4. Limestone (dolomitic) with MUiola (Cliquart). 

( Green marl . . . A 

3. ' Siliceous limestone in two beds ^ Banc vert. 

i Green marl . . . .1 

2. Miliola limestone (dolomitic) (Saint Nom). 

1. Siliceous limestone with Poiamides. 


O 00 

V J W 

5 cS 


g 




f 5. Limestone witli Lucina concmtrtca^ Area harbattda, Cardium {Litho- 
cardinal) acicidare, AHHola^ &c. 

4. Limestone with OrhitoliteSy .^tirniu Inlhifomie^ Volmria hulloides, Oar- 
dium granulosuTii^ Area tiifttinlah'ro, several species of large Fhistra 
or MenihrarLipm'a. 

3. Limestone with Fahularia and terrestrial vegetation (Orbitolites conir 
/ n* ■. c*' • na caUaratOy Venm'icardia iir&timtay &c.). 

2. .'/ ■■ ' limestone {TutrUdla imlricatariay CJiama ccdcarata, 
Lucmci mntahilisy &c. ). 

1. Limestone with Miliola and TercWatula {T. hisinaata). 

} 5. Glauconitic calcaire grossier with Omthiim {Caaipanile) [/igantemii 

(Banc i Verins). 

4. Glauconitic calcareous sand with Leuita patellaris. 

3. Sandy glauconitic calcaire grossier, with Cardium porulosum, 

2. Sandy glauconitic calcaire grossier, with Numimdites laBmgatnSy N. scaJbery 
Osirect audiicostata, O.JlNbdlvilay Ditrupa plana, 

1. Glauconitic sand, sometimes calcareous and indurated, ^vith pebbles of 
. green quartz, shark’s teeth, and rolled fragments of coral. 

The Lutetian stage of the Paris basin is regarded as the probable equivalent of the 
Lower Bagshot sands and the clays of Brnekleshain and Boumemouth in the English 
Tertiary series. In Belgium the Middle Eocene presents a different aspect from that of 
Paris, approximating rather to the English type. It consists of (1) a lower set of sandy 
beds (about 160 feet) grouped under the name of ‘‘Bruxellien,” rich in fossils, wdiioh, 
however, are usually badly preserved. Among tlie fonns are remains of terrestrial 
vegetation (NipadUes Burtini), also Faracgrdhm eramtSy Maretia grignoMims, Pgripora 
contestay Ostrea cymbnUty Gardita {Miotlon) dectmalay Chama calcaratay Qardimi porn- 
losimiy OerUhiim (Semivertagus) nnimhcvtmiy Natica labcllatHy Toluta lincolay Andlla 
hnccinoides, GlamlUhcs (Fiism) Icmgtevus, numerous remains of fishes, especially of the 
genera MyliobatiSy Odontaspis, Lamiui, (kileoccrdoy and various reptiles, including sj)ecies 
of Trionyx and Cheloncy with Faiys Camperiy Cavialis LUoniy and PaUrophU typlmm ; 
(2) a group of sands and fossiliferons calcareous sandstones (“Laekeniau”), made up of 
Ditrupastrangidata and NniMimlUes (N ImingatuSy N sealer y N MiharUy N, mno2«n?/s), 
and abounding in Anomia suhhrvigata.. 


During Middle Eocene time some liasures in the Jurassic limestone were filled in from 
the surface with detritus in which the car<*uaos were covered up of many of the animals 
of the time that fell into the rents. Among these do])Osits the most noted is the breocia 
of Egerkingen in the Canton of Solotlniru, from which a remarkable assemblage of 
terrestrial animal remains has been obtained, including lemuroicis {Cmnopithecmy 
Adapisy Nec7'olemur)y ohiroptera ( y€8i7flrUliavm), creodonts {Promren'Oy I^eTodm)y true 
camivores (Ps&udselunis), rodents (Pleaiarctryaiysy Sdur^tSy Smiroideii)y ungulates 
{Bidiodony Xiphodon, Dicliobvmcy Nyopotammy Gcbodioeriuty Sue, Lophiodony Padiy^w- 
lophuSy Paimtheriumy PaZoplotlieriumy And^Uophu^y PJienaeoditSy Mcniscodony &o.),^ 
IJpPEE Eoobnis. — I n the Paris basin this subdivision consists of the following 


stages — 

r First hand of gypsum (Haute masse or Gyps lacustre).* This highest and 
I •mast important gypsum bed of the Paris basin (65 feet thick at Montmartre), 


^ L. Riitimeyer, Verhandl. Naturf. Basel, ix. (1890), Heft. 2. 

^ See Dollfus, qp, cit. 

^ For a detailed account of the iuteresting mineralogy of the gyi)seous deposits of the 
Paris basin, see A. Lacroix, Nonv, Arch, MusSfiimy ix. Paris, 1897. The Paris gypsum and 
marls form the stage tenued “ Ludian,” from Ludes in the Montague de Reims, or “ Pria- 
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displays a remarkable prismatic stnicture (p. 661), and contains skeletons 
and bones of mammals [PnlteofheHnm, A mplothenum, Xiphndrm), fragments 
of terrestrial wood, and a few terrestrial shells Ci/clostoma, &c.). It 

is conformable with the marls and marine gypsum underneath. 

J Marls with nodules of silica (meuilite) and gypsum. 

] Second band of gypsum, containing marine fossils {Potamides ti'icarlnatvs^ 
P. [Batillaria) pleurotomoideSj Mesalia inc^rta). 

Yellow marls with Lucina •inoi'nata. 

Third band of gypsum, saccharoid and crystallised, with brown marls. 

Yellow, brown, and greenish marls, wnth Phnl adorn ya ludensis, Ch'cmatella 
Lesmaresti, &c. 

.Fourth band of gypsum. 

'Green sands of MonceauXj^(Po^«?«i£?e«( C!rwr7/m, P. tricurinafifs, Ampidlina 

Jith'i.sit it 'ft n ' i . 

i.iiML'^Lont'* Saint Ouen — a marly fresh-water rock 20 to 26 feet thick, 
composed of two zones, the lower full ot Jiithinia, and the upper abounding 
in Limneea. 

J Sands of Mortefontaine {Ai'icvla D(f7'ftncei). 

i Limestone of Ducy {Lmnsea, Eydrohia). 

Sands and sandstones of Beauchamp {CerWiium vmtcMIe^ C. tuhercnlosum^ 
Potamides Bouei, Bayania Im'dacm^ B, lactea, Corhimda dciierditn-^ Plan- 
orb'is {Anisua) nitidulm^ Carfnda ffcUlicftt &c.). 

Sands, &c., with JYwmmdites ramilarius^ Ostrea mnltiati'iata^ 0. dursata, Cm'- 
hityitla dejjerdita, corals, Odontasjjis ehgans, Lamna oblkpuLt &c. 


Northwards in the Belgian area, near Brussels, the highest Eocene strata 
consist of sands and calcai'eous sandstones (“ Wemmelien ”), separated from the 
similar Laekeniau beds below by a gravel full of Nummulitea mriolaHus. Other 
common fossils are Turbinolia sulcaia, Gorbula piamif Vcnerka,rdia Turritclla 

bnvUf ClamlUhes {Ficsus) longssvus. 

Receding from the Paris basin, the Eocene deposits assume entirely ditferoiit 
charactein as they are traced into the west, centre, and south of France. ' According to 
Vasseur’s detailed researches, a long irregular arm of the sea penetrated Brittany in 
Eocene times, from -where the Loire now eiitei’s the Atlantic, while the north-western 
part of Yend4o -was like-wise submerged. In those \vaters a series of limestones and 
sands was deposited, -vv'hich from their fossil contents appear to be the equivalents of 
the Calcaire Grossier. They pass up into lacustrine and brackish-water beds like the 
corresponding groups at Paris.^ In the south of France, the Eocene rocks consist partly 
of marine, partly of fresh-water formations. In Provence, where the Upper Cretaceous 
deposits are of fresh-water origin, the sedimentation was continued without interruption 
into Tertiary -time, and the whole of the succession of strata referable to the Eocene series 
was deposited in lakes or livers. The fossils include species of PhyacL, Litm^ea^ 
Planorhi% Bulimics, AcJiatina, HeKf, Glamilia, &c., together with remains of plants, 
fishes, insects, and mammals {Palssothcrium, Amhitlicrium, Auoplothcriiim).'^ 

"Westwai’d from this region of teiTestrial watera the most distinctive member of the 
Eocene series is the massive limestone which presents the nummulitic facies to bo 
immediately referred to, and in some places attains a gi'eat development, as near Biarritz, 
where it is more than 3000 feet thick. 

Southern Europe. — ^The contrast between the facies of the Cretaceous system in 
noith-westcrn and in southeni Europe is repeated with even greater distinctness in the 
Eocene series of deposits. From the Maritime Alps into the Apennines and Greece, 


honian,” from Priabona in the Eugaufean Hills, where the southern type of the*stage is well 
shown. 

^ This stage has received the name of “ Bartonian,” from the English Barton Clay. 

® G. Yasseur, Ann, Sd, GPoL xiii. (1881), Hebert, B, S. G. F. (3) x. (1882), p. 364. 

* Matheron, B. S, G, F. 3® .ser. iv. ; G. Yasseur, “ Note preliminaire aur la constitution 
du Bassin Tertiaire d’ Aix-en-Provence 1897. 
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from the Carpathian Mountains and the Balkan into Asia Minor, and thence through 
Palestine into northern Africa on the one side, and through Persia and the heart of Asia 
to the shores of China and Japan on the other, a series of massive limestones has been 
traced, which, from the abundance of their characteristic foraminifera, have been 
called the Nummulitic Limestone. Unlike the thin, soft, modern-looking, undistiu’bed 
beds of the Anglo-Parisian area, these limestones attain a depth of sometimes several 
thousand feet of hard, compact, sometimes crystalline rock, passing even into marble ; 
and they have been folded and fractured on such a colossal scale that their strata have 
been heaved up into lofty mountain crests sometimes 10,000, and in the Himalaya range 
more than 16,000, feet above the sea. With the limestones is associated the sandy 
series known as Nummulitic Sandstone. The massive unfossiliferous Vienna sandstone 
and Flysch, already refen*ed to as probably in part Cretaceous, are also partly referable 
to Eocene and even later times. ^ One of the most remarkable features of these Alpine 
Eocene deposits is the occurrence in them of coarse conglomerates and gigantic erratics 
of vai'ious crystalline rooks. As far east as the neighbourhood of Vienna, and westward 
at Bolgen near Sonthofen in Bavaria, near Habkeren and in other places, blocks of 
granite, granitite, and gneiss occur singly or in groups in the Eocene strata. These 
travelled masses appear to have most petrographical resemblance, not to any Alpine 
rocks now visible, but to rocks in Southern Bohemia. Theii* presence has been thought 
to indicate the existence of glaciers in the middle of Europe during some part of the 
Eocene age.^ Another interesting Eocene deposit of the Alpine region is the coal- 
beaiing gi’oiip of Haring, in the Northern Tyrol, where a seam of coal ocoui's which, 
with its partings, attains a- thickness of 32 feet. 

the Nummulitio series has been divided into stages in different regions of its 
distribution, and attempts have been made by means of the included fossils to parallel 
these stages in a general way with the subdivisions in the Anglo-Paiisiaii basin. But 
the conditions of deposition were so different that such correlations must be regai’ded 
as only wide approximations to the truth. In the Northern Alps (Bavaria, &c.) Qumbel 
arranged the Eocene series as under : ® — 

Flysch or Vienna sandstone ( Upper Eocene), including younger Nuimuulitic beds 
and Hiiring beds. 

Lower Nummulitio group. Kressenberg beds— greenish sandy strata abounding in 
fossils, which on the whole point to a coiTespoii deuce with the Calcaire Grossier. 

^ The history of the Flysch lias given rise to some discussion. Tli. Fuchs, for instance, 
regarded it as having probably been derived from eniptivo discharges such as those of 
mud volcanoes {Sitz, Akcul. Ixxv. (1877), p. 340 ; Verh. (ieol. RcicJimyist 1878, 

p. 135). This view was opposed by K. M, Paul, who looked on the Flysch as a normal 
sedimentary formation {JoJirh, Reblisamt* 1877, p. 431 ; Vei'h. GeoL Reicfisayist 1878, 
p. 179). By some geologists the rocks have been regarded os a deep-sea deposit, by 
others as an accumulation in shallow w^ator (Eenevier, Arclt,, ficL Rhys. Nat, Oenei'a^ 
(3) xii, 1884, p. 310). See also Mantovani, Ngkhs Jahrb, 1877 ; Schardt and Favre, 
‘Description G-eoL des Prcalpes du Canton de Vnutl,’ &c. 1887. Kauffraann, ‘Description de 
la partie nord-oueat de la fcuille xii. de la Carte Gcol. Suisse,’ 1886. F. Sacco, RuU, Soc. 
Befge de CM, iii. (1889), p. 163. C. Mayer-Eyraar, ‘ Versuch einer Classification der tertiiir 
Gebilde Europas,’ Verh, Schmitz, Naturf, 1857. The Flysch is usually comparatively 
poor in fossils, though it has yielded a good many fucoids. In some of its later portions 
(Oligocene) it includes numerous fish remains in certain layers. 0. Mosch, BeiMge Gaol, 
Kart, Sch^iz, xiv. (1881) ; A. Rothpletz, K, I), (L G, xlviii. (1896), p. 854. 

^ That a glacial period occurred at the close of the Cretaceous, at the end of the Eocene, 
and again in the Aliocene period (erratics of Superga^ neoi* Turin) has been regarded by some 
geologists as probable (A. Vdzian, Rev, Soi. xi. (1877), p. 171 ; Schardt, ‘Etudes G^ologiques 
BUT le pays d’Enhaut Vaudois,’ £idl, Soc, Vavd, 1884). 

® ‘ Geognostische Besohreib. Bayerisoh. Alpen,* 1861, p. 693 et seq. 
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Burberg beds — greensand with small Nummulites and Exogym Brongniart%i 
answering possibly to the upper part of the lower Eocene beds of the Anglo- 
Parisian area. 


In the southern and south-eastern Alps the Eocene rocks attain a much larger 
development The following subdivisions in descending order have been recognised : ^ — 



-§ i 
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r O'* Tassello, having the usual character of the Vienna sandstone. 

-! \ but fneoids. 

{ Fossiliferous calcareous marls and shales, and thick conglomerates. 

' Chief Nummulite limestone, containing the most abundant and varied de- 
velopment of nummulites, and attaining the thickest mass and widest 
geogrophicnl range. 

- Bji-rlis (Alvcolina) limestone, containing numerous large foraminifera of the 
genus JBorelis, 

Lower Nummulite limestone, with small nummulites, and in many places 
banks of corals. 

^ Upper Foraminiferal limestone, containing also intercalations of fresh-water 
beds {Ohara). 

Cosina beds, with a peculiar fresh -water fauna {Stomatqpsist jMdania, 
^ Ohara, &c. ). 

Lower Foraminiferal limestone, with numerous marine mollusca {Ano7ma, 
Cerithimi, &c.), and occasional beds of fresh -water limestone {Ohara, 
Jlelanm, &c.). 


In the central part of the northern Apennines Professor Sacco regai‘ds as Eocene a 
mass of strata 5500 feet thick, which he subdivides as follows : ^ — 


Bartonian. 
100 metres. 


Parisian. 
1500 metres. 


Suessonian. 
100 metres. 


f Grey marls with sandy calcareous layers ; numerous fossils {Zoojphy- 
-j ais, Lithotlmmviim, NwmnulUes Tchihaichejjli, iV. striata, Orbi- 
toidea radiaiis, Opermtlina, corals, bryozoa, crinoids, &c.l 
^A thick series of marly and shaly limestones (Flysch), alternating 
with sandstones {Hdnmvtlwidea laJbyHnthica, Chondrites, and 
other fucoids). Roofing slates. 

. Shales and sandstones (Macigno). 

1 Sandy gi*eyish and brownish marls with calcareous sandy beds 
{Lithothamnium, Kimmulitea hiarrUz&iTsis, N. LamarrM, N. 
Ivcasanus, Asailina exponma, A^grmxnloaa, Orhitoides, Opertm- 
Ihia, Almolina, corals, echini, crinoids, fish-teeth, &c.). 

j-Shales and grey and brown marls, sandstones and limestones. 


To the Upper Eocene senes of this region has been assigned a great series of serpen- 
tines, gabbros, diabases, .soda-potash granites, and other eruptive rocks, with tuffs and 
conglomerates, marking copious maiine volcanic activity.® 

India, &c. — As above stated, the massive Numraiditio limestone extends through 
the heart of the Old World, and enters largely into the structure of the more important 
mountain chains. In India a tolerably copious development of Eocene rocks has been 


^ Von Hauer, ‘Geologic,’ p. 569. For an exhaustive account of the stratigraphy and 
paleontology of the Lihumian stage, see G. Stache’s great monograph, ‘Die Libumische 
Stufe,* Abhandl. k. k. Gaol. Reichsmst. xiii. 1889. On the classification of the older Tertiary 
formations of Austria, consult Tietze, Z. B. G. G, xxxvi. (1884), p. 68 ; xxxviii. (1886), p, 
26 ; T. Fuchs, op. cii. xxxvii. (1885), p. 131. 

® Professor Sacco has contributed many papers on this subject. See, for example, B. S. 
G. E* (3) xvii, (1889), p. 212, and a series in JBdl. Soc. Geol. ItaZ. (from 1892 onwards) xi. 
xii. xiv. xviii. Professor Trabucoo, C. de Stefani, B. Lotti, and 0. Marinelli have also written 
on these regions. 

® C. de Stefani, Roll. Soc. GeoL Hal. viii. faac. 2 (1889) ; a copious list of previous 
writers on the subject wdl be found in this paper, also B. Lotti, * Descrizione Geologica delT 
Isola d’Blba,’ Rome, (1886), p. 68. 
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observed, but it is not quite certain where their upper limit should be drawn so as to 
place them on a parallel with the corresponding groups in Europe. The following 
subdivisions in descending order are observed in Sind : ^ — 

Nari group. Sandstones without marine fossils, but containing fragmentary plants, 
and probably of fresh- water origin, 4000 to 6000 feet, with nummulitic limestones 
and shales in the lower part, representing, perhaps, Upper Eocene and Oligocene 

• or Lower. Miocene beds of Europe. 

Kirthar group. A marine limestone formation in general, but passing locally 
into sandstones and shales, 6000 to 9000 feet. The massive nummulitic lime- 
stone of this division fonna all the higher ranges in Sind. 

Ranikot beds — sarnhstoues, shales, clays with gypsum and lignite, 1500 to 2000 
feet; abundant marine fauna, including Nuimnirlites N. vrregvlariSi 

N. Leynierkif together with Nautili, Terebratulje and other fossils of Cretaceous 
affinities. 

Along the southern front of the Hunalayan chain a vast succession of Tertiary 
deposits exists, of which the older part includes thick masses of nummulitic limestone, 
no doubt a continuation of the Eocene fornifitions of Southern Europe, while the upper 
part (Siwalik series) is made up of subaerial or fluviatile accumulations of later (partly 
Miocene) date. In the Simla district the lower Tertiary or Sirmur series contains the 
following subdivisions : — 

Kasauli group of sandstones, containing no fossils but remains of plants, and prob- 
ably of fluviatile or siibaerial origin. 

Dagshai group of hard grey sandstones and bright red nodular clay.s ; generally un- 
fossiliferous, yielding only fucoid markings and annelid tracks. 

Subdtliu group of greenish and red gypseous shales and impure limestones, with 
shales and some poor coal. The group contains numerous marine fossils and is 
of the age of the upper part of the thick niimmulitic series of the north-west 
area. 

Farther west the nummulitic series attains a gi-pat thickness. In the Salt Range its 
principal member is a fine compact grey or while, frequently clierty limestone 400 or 
600 feet thick, which is uncon formably surmounted by the Upper Tertiary series. Be- 
neath it lie some shales or clays 50 to 100 feet thick including one or more coal-seams. 

North America. — Tertiary formations of marine oxigiu extend in a stifip of low 
laud along the Atlantic border ol* the United States and hle.xico, from tlio north of New 
Jersey southward through Delaware, Maryland, Virginia, the Carolinas, and Georgia 
into Florida and round the margin of the Gulf of Mexico, wlioiice they rim up the valley 
of the Mississippi to beyond tlie mouth of the Ohio. On the western seaboard they 
also occur in the coast ranges of California and Oregon, where they sometimes have a 
thickness of 3000 or 4000 feet, and roach a height of 8000 feet above the sea. Over the 
Rocky Mountain region Tertiaiy strata cover an oxtousivo area, but ai'e chiefly of fresh- 
water origin. 

^ In the States bordeidug on the Atlantic the series of deposits classed ns Eocene 
is well developed in that portion of the Teriiary bolt traversed by the Potomac River, 
where it presents the following section of about 800 feet of strattx, wdxieh are regarded 
by Professor W. B. Clark as representative of tho lower and middle Eocene divisions of 
the Gulf States, with perhaps some portion of tho upper groups also.® 

Feet. 

^ ^ r Greensand with Ostrm sellft^sfomiw, PectmiciUvs idoneits, Protocardm 
o 8 I ^virginiana 40 

a [ Greensand with few fossils, chiefly . . .60 


^ ‘Geology of India,' 2nd edit. chap. xiv. 

® * Geology of India,' p. 852. 

® W. B. Clark, J?. U,S. O, 8. No. 141 (1896), pp. 41, 68. 
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Feot. 


^ Greeiiish-grej' argillaceous saiul 25 

Greenisli-grey argillaceous sand with bands of gypsum crystals . . 4 

Light-grey greensand with Veiherlcardia platiicoata .... 8 

Greenish-grey argillaceous sand 8 

Indurated argillaceous sand (with .some specimens ol Vencrictn'dia plaui- 

costa) 2 

Greenish-grey sand, somewhat argillaceous {Gifth&i'ea) . . . .25 

Thick -be<l(led indurated greemsand, the layers of which are almost entirely 

made up of Tuvritella Mortoni 14 

Characteristic light greenish-grey and greensand-marls, with 

Tunritdla Mortoni^ T, Jnunefroso^ * * ^ ' gigantea^ Crassatella alff- 

^ formis, Ostrea cnmpressu'ostra, &c 30 

g Greensand nith fragments of shells of lower beds 7 

O Greensand full of the common fossils of the underlying strata, and also 
rg gove^'*! of corals {Eupsammia elahorata, Tvrbinnlia acuticosfata, 

§“j 7 ' Clarkeanvs) . 1 

^ j Persistent band of indurated calcareous greensand crowded with fossils, 


*5 which besides those characteristic of the beds below include coiispicu- 
^ ously Pholadomya iiuirylanilica^ Fampsea elongntcu, Tdlina mrginuuut, 

CaJtyptrsea aperta {tt'ochifonnis), Fmm tmbeatKS, &c. ... 2 

Typical greensand with Crassatella ala^fm^mis, MeretrU {Oytherea) ovata^, 

J-'idicvlaris^ &c. ........ 8 

Tndiir.-itfd iivhly glauconitic greensand or limestone filled with casts of 
the same shells as in the bed above, together with Ostrea compressirostm^ 

and a few of Turritella Mortoni 3 

Dark greensand crowded with the same shells, and especially with Crassti- 
tella alssformls, rh>^liutp.si-i and MeretrUc {Oytherea) owta 12 

Greensands, at times argillaceous, but almost wholly unfossiliferous ; at 
the ba.se lies a pebble-bed which sometimes rests on tlie Cretaceous 
formations 60 

Besides the fossils enumerated in this table those deposits have furnished a number 
of species of foraminifera {Spirophcta, JSfodosaHa, Vag-itmliiia^ Cristellaria, Fohj- 
morpMna, Glohigerina, Fiilvinulim, &c.), also species of Anatnicc, Fecten, Numlanttf 
Fenericardia, Astarte, Lricina^ Oorhula, Naticaj Mitra^ Volutilithes, together with some 
fishes {Galeoc&i'do^ Odontaspis, Oxyrhina, Lamiia, Carcharodon, Myliohatis)^ chelonians 
{Trionyx) and crocodiles {Tkecachampsa).'^ 

In the State of Mississippi the Eocene strata are well developed and have been sub- 
divided into five groups, as in the following table : ® — 

5. Vicksburg beds (Orbitoitic) which run in a narrow band through Alabama, 
Mississippi, and Louisiana, covering the greater part of Florida, and extending 
into Georgia and Texas. These strata in Mississippi are composed of a loAver 
ferruginous rock (Red Bluff) 12 feet thick, and a set of crystalline limestones and 
blue marls (80 feet) resting on licri.itic clay^; .and lignites (20 feet). Among tlie 
fossils are Ostrea giyantca^ F^dt'n Oardiuni diversicni'^ Venerimrdia 

Fanopma oblongata^ Cyprtea lintea^ Mitra mississippiensis^ GassU 
#/■' ■■// / Conus sanridens, Madrepora ^ FloSbelhim Wailesii^ 

Orbitoides Mantdli. The last-named fos^'! -•.« i .■haracteristio, and is 
found also in the West Indies, Malta, and 1 .»■ 'I' :i IV”.-':.-! frontier. 

4. Jackson beds (“White Limestone” of Alabama), white and blue marls 
underlain by lignitic clay and lignite (80 feet), with Zeuglodon ona&rospondyhis, 
Venericardia planwosta^ Cardium NmlletU Numlana mdtilvneata^ Corhda 
bicarimta, RosteUaria ^data^ Yohxta duviosa, Mitra dumosa, Conus tortUis^ 
Cyprssaf&iiestralis^ &c. 

„ 3. Claiborne beds, white and blue marls, and sandy beds with numerous shells 
which indicate a horizon equivalent to that of part of the Calcaire GroSier of 
the Paris basin. 


^ W. B. Clark, op. cU, p. 58 seq. 

2 A. Heilprin, * Contributions to the Tertiary Geology and Paleontology of the United 
States,’ 1884 ; Froc, Acad. FhUaddph. 1887. 
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2. Buhrstoue (Siliceous Claiborne), sandstones and siliceous imiJiire limestones 
■witli Claiborne fossils (400 feet and iipwards). 

1. Lignitic sands and clays, with, marine fossils, and with interstratified lignites 
and plant-remains {Qnercus, Po 2 ^i(htSt FiciiSj Lanrus, Fersea^ CnrnnSj Oka, 
Rhamiius, Ma/jiwUa, &c.). 

Over the Rocky Mountain region and the vast plateaux lying to the east of that range 
especially in Utah, AVyomiiig, Colorado, and New Mexico, the older Tertiary formations 
consist mainly of fresh-water strata of great thickness, the extraordinary richness of 
which in vertebrate and particularly mammalian remains, already referred to (p. 1227), 
has given. them a liigh importance in geological and palteontological history. The 
following subdivisions in descending order have been adopted ; 


Uinta group (800 feet), developed to the south of the Uinta Mountains in 
Utah, includes three fossiliferous horizons : c, the Upper or true Uinta, 
containing Hyopaoilv^, Pammya, Prodaplisemts, Oxyssnodon^ Mesonyx, 
iHectoloplim, Tripinpus, Amymd<yn, TelmatotJierium, 
/^//J #jy#/iiy..s. X)i'j}lacodo%, Bunomeryx, Leptoreodtm, Eomofyx, Protdo- 
therkuii; B, the Lower Uinta or Telmatotherium beds, containing 
Prodaplisemis, Oxymnodmi, Tdmatothefidum (several species), Pcdseo' 
ayojis, Leptoreodoiif Protelotlierlum ; and A, which is probably the 
. equivalent of the upper part of the Bridger group below. 
j''Bridger group (2000 feet), so named from the Port Bridger basin, remark- 
able for its abundant and varied fauna, which includes numerous 
lemuroids {Hyopandm, Mid'oayops, NotJutretiia, Ommiys, Anapto- 
morphua), rodents {Paramya, nearly a dozen species), creodonts {Miacia, 
Viverravus, Sinopa, PcUHofelia), tillodonts [Til1utlmmn\ edentates 
(Stylinodon)^ aniblypocls {CiniatheriuM=Deuincer(is and Tinoceraa, 
between 30 and 40 species), primitive forms of hcr^o 'Or-'i;'? /«. 
hyracodouts (Ilymchym^ seven or more species), ' .i- o ir' (/'■'../ - 
snjopa, Tdmatothcrimn), ungulates {llmnatn'idun, &c.), insectivores, bats 
and tapirs. 

Wind River group (800 feet) from the Wind River in W^yoming. Among 
its characteristic vertebrates are «apf('ies of Hyo 2 >aodva, Pdycodiia, 
Micrnayupa, Pammya, Yirn'TwouK, f V// /*//■, Vf #/. i^inopa, Estho^iyx, 
Pheuncodua, Onryphaiion-, Bafhyoj^aia, llymcotherhm, ProtnroJnjipva, 
Lambdothemo". IPp^nd'n^ TelmatoUieriunh 
fWn«atph gi’oup sVi : amed from the Wasatch Mountains in Utah, 
six siieoies; Pelycodm, live species ; Pm'imya, Vivii,rraou8, 
Uiidacyim, Pdlmainopa, Binopa, seven species ; Uxywiia, Paliemictis, 
Ptirhi/tt infj EathonyiCj Ctdamodon, Phanaatdaa, 2£miacot}v&rium, 
<‘<friip}n><fnn^ nine or more species; UymGofUerivm, Byatcnmlm, Trign- 


W 


noleatea, 

( ToiTejoii group (300 feet), from a locality in iiorth-westem New Mexico 
where tlio strata were studied. The fauna is marked by the absence of 
many of the characteristic forms of the later formations, and by the 
I>rosence of Ptilodva, Neoplay iaidax, OMrox, Bidrodm, Mimkctea, 
Tricentea, ChHaeua, Beltathei'lvm-, (foniacodm, IHaauma, Qlaniodon, 
Penpiydwat (QatatMm(>8) Miodmma, Pantolambda, 

^ Paitta£oiher\HW‘, Conoryetea, 

( Piierco group (600 feet), from the Puerco River, New Mexico, containing 
a fauna which is believed to be older than any mammalian fauna in 
Europe. The strata of the group immediately overlie the Upper 
Cretaceous formations and contain Polymaatodo^ Netphofiavlax, 
Protochriaousy Tt'iiaodon, Oxyacodoii, PenptycJhUs {(Jatathlteiia), 
Oonacodm, Protogmmlo'iif IlemigaAma^ Ori/iiehodectea^ &c. 


The various deposits enumerated in the foregoing table, whether they are regarded 
as having been laid down in lakes or spread out subaerially by running water, occupy 
detached though extensive areas, and their stratigraphical sequence cannot in many 
cases be determined by actual superposition. They have consequently been to some 


^ H. P. Osborn, Bxdl, Anm\ Mua* Nat, HiaU vii. (1895), p. 75 ; viii. (1896), p. 157 ; 
W. U. Mattliew, op, cit, xii. (1899), p. 19. 
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extent correlated ou the bafds of palseontological evidence. Such correlation may not 
be always accurate, for the evidence is sometimes incomplete, and may be misleading. 
The difficulty of making a satisfactory parallelism is well brought out by the history 
of the Tertiary formations of the Denver basin, Colorado. The strata originally 
grouped there under the name of “Laramie” have been found to comprise three 
formations : (1) a lower member, 700 to 800 feet thick, conformable w’ith the Cretaceous 
Fox Hills group, containing productive coal-seams and a dora and fauna characteristic 
of the Laramie group as now understood ; (2) a middle member, called the Arapahoe 
group, 600 to 800 feet thick, resting on the first uneonformably, with a conglomerate 
at its base, containing pebbles of the underlying formation and otlier older rocks ; (3) 
an upper member, the Denver gi'oup, 1400 feet thick, unconformable to the middle 
division, and largely composed of the ddbris of andesitic lavas. The strong uncon- 
formability between the true Lai-amie beds (Ho. 1) and the overlying formations indicates 
a prolonged interval of time. The Arapahoe and Denver groups have yielded a 
considerable number of plants and vertebrates, but some difference of opinion exists as 
to the conclusions to be drawn from the collections which have been made. Marsh 
regarded his “Ceratops beds” as Cretaceous, fi*om which many of the animal remains 
came. On the otlier hand, Cope and Osborn have suggested that the assemblage of 
fossils rather resembles that of the Puerco group. ^ In Southern Colorado the 
Eocene strata have been described as 7000 feet thick, resting uneonformably on the 
Lamraie series. The lowest member (Poison Caiion), 3500 feet thick, and the next 
division (Cuchara), 300 feet thick, are classed as Lower Eocene ; the upper (Huerfano), 
3300 feet thick, is believed to be eciuivalent to the Bridger gi'oup.® 

On the Pacific slope Eocene formations attain a thickness of several thousand feet 
in Califoimia and Oregon, where they form the Tejon series. In their lower parts they 
consist of conglomerates which pass up into sandstones and these into shales. In 
north -w’estern Oregon they include basalts and tuffs below, covered by thick shales 
coutaiiiing much mateiial of igneous oiigin, while in the U})per part massive sandstones 
predominate. The tufts were of submarine origin, for they contain Modiola, Tumtella, 
Ostrea, and other shells. The shales have yielded LiocartUum luiteum, YmcHcardia 
planieosta^ MocHola or7iat(f, with occasional intercalations of plant-bearing sediments 
and coal-seams.^ 

South America. — The stmtifiod deposits of Patagonia have given rise to much 
confusion of description. From the latest descriptions of the geologists of the Princeton 
University Expedition, it would appear that the uppennost (Guarauitio) Cretaceous sta’ata 
(p. 1218) were deeply eroded before the deposition imcoiifonuably upon them of the oldest 
Tertiary formations, and that the supposed coexistence of Cretaceous and later Tertiary 
mammalian types has arisen from inaccurate observations of the stmtigraphical relations 
of the rocks. After prolonged exposure and denudation of the Cretaceous series the 
region subsided under the sea, which then laid down the oldest Tertiary deposits, known 
as the Magellanian series. From the marine fossils contained in them, these strata are 
regai’ded os of late Eocene or early Oligocene age. They include leaf-beds, and in their 
upper parts several seams of pum lignite varying from a few inches to ten or twelve 
feet in thickness.* 

Australasia. — Vast areas in this region are covered with strata that sometimes attain 
a depth of several hundred feet, containing both terrestrial and marine deposits, which 

^ Whitman Cross, A)ner. Jouni. Soi. xxxvii. (1889), p. 261 ; xliv. (1892), p. 19 ; Proc, 
Odorada Sci, 8oc, Oct 1892 ; Monograph G,S. G. S. No. xxvii. (1896), p. 166.^ In this 
last-named essay the difficulties of correlation are stated in much detail. 

R. 0. Hills, Proc. Golorcfdo Sd. Soc. iii. (1888), p. 148 ; (1889), p. 217 (1891). 

J. S. Diller, * A Geological Reconnaissance of North-Western Oregon,' 17th Anri. Jiep. 
U.S. a. S. 1896. 

* J. B. Hatcher, Amer. Joimu 8ci. ix. (1900), p. 97. 
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have been gi’ouped with more or less confidence according to the accepted classification of 
the Tertiary formations. ' It is at least certain that a succession can be traced among them, 
with an increasing proportion of recent species in tlie younger parts of the series. Through- 
out the whole of Eastern Australia, including most of Eew South Wales and Queensland, 
no marine Tertiary fossils have been discovered. In the south-west of New South Wales 
and in Victoria, previous to the oraption of basalt-sheets and tuffs, an extensive series of 
conglomerates, siliceous sandstones, clays, ironstones, and lignites was deposited in 
valleys and probably lake-basins. On the Dividing Range these strata rise to 4000 feet 
above the sea. At Bacchus Marsh in Victoria and elsewhere they have yielded leaves 
of Laurvs, Ciniianiomum, Ginlego, Lastra'a^ Tznioptens, &c. Above these plant- 
bearing beds, which have been regarded as Lower Miocene, but may be Eocene or even 
Cretaceous, marine deposits supposed to be Middle and Upper Miocene occur on the 
flanks of the Dividing Range of New South Wales up to heights of 800 feet. In South 
Australia and Victoria extensive marine accumulations of clay, sand, and limestone, 
often underlying widespread basalt-plateaux, have yielded numerous foraminifera, 
especially at Mount Gambier and M un-ay Flats in South Australia ; upwards of 60 
species of corals, which are only slightly related to the living species of the suiTounding 
seas, but include three Eiu-opeaii Tertiary species ; ^ many echinoderms and polyzoa, and 
a large molluscan fauna, in which the genera Waldhemviat Ciimlla'a, PeetxinciUuB, 
Trigmia, Cypnca, Fusits^ Ilaliotis, Uxircx^ Milra, Trivia, Tumidla, Voluta, &c., occur. 
The vertebrate organisms consist of fishes (including the world-wide genera CarcJiarodon, 
Lamna, Odoniaspis, Oxyrhina), a few marsupials (RottonyUt, NotoUicHmi, Ihascolomys, 
Sarcophilits), with some marine mammalia {Sqnalodon, Ao'doeephalus). At tlie head of 
the Great Australian Bight, an Eocene chalk-rock with flints and polyzoan limestones, 
forms cliffs about 250 feet high, but descends more than twice that depth beneath the 
surface. In South Australia the older Tertiary deposits have been divided by Professor 
Tate into four groups, which in ascending order are ; (a) Inferior marine beds, chalk- 
rooks, clays, and limestones ; (6) Lower Murravian sandstones with Ecuglodon, Zovmia, 
Magasella, MegaloMex' ; (c) Middle Murravian limestones and sandstones, with an 
abundant and varied marine fauna {Carcharodon, Zamna, Odmitnspis, Nassa, Ancilla, 
Cassis, Voluia, Margindla, Mangilia, Centhmm, Conus, Ca/ncdlaria, Natka, Fecten, 
Lima, Spondylus, Nticula, Limopsis, Cliama, Oliionc, JihyncJmiclla, Tcrchratulma, 
WcddJieimia, Terehratula, Exipatagns, LcUocyaihus, &c. ; {d) Upper hlurravian oyster- 
beds and sandstones {Trigowia, PcdunciUus, TcUimi, Mactra, UOfpcaslcr, &c.). 

In Tasmania an important series of older Tertiary deposits has also been found. 
At the top, leaf-beds, lignites, and beds with marine fossils occur, associated with 
extensive sheets of felspar-basalts and tuflk The tuffs have yielded Hypsiprimnus and 
Pimsoolomys, Next conies a great series of sandstones, clays, and lignites, varying 
from 400 to 1000 feet in thickness, and sometimes, as in the Launceston basin, covering 
an area of at least 600 square miles. This series encloses a rich flora, including species- 
of oak, elm, beech, laurel, cinnamon, and araucaria, with fruits of proteaeeous, 
sapindaceous, and coniferous trees. The fresh- water and terrestrial character of tlie 
deposits is further confirmed by the occurrence in them of Unw, Helix, VifHxm, 
BvMmus, &c. The third gi-oup in descending order is of marine origin, and is well seen 
at Table Cape. It consists of shelly limestones, calcareous sandstones, coral-rag, and 
pebbly bands, and is replete with fossils, only from 1 to 3 per cent of the shells 
belonging to existing species. Charaoteristic forms are Valuta antidngxilata, Cassise 

^ Duncan, Q. J. G. 1870, p. 313. See also papers by A. C. R. Selwyu, “Report on 
Geology oMelboume,** &o., Ra/rL Papex'S, 1854-56 ; ‘ Exhibition Essays,’ 1866. J. E. Tennison 
Woods, Q. J. Q. S, xvi. p. 263 ; l^roe, Roy. Sac. Tasxnama, 1876, p. 92. P. M*Coy, ‘Exhibi- 
tion Essays,* 1861, p. 159. G. B. Pritchard, Australasmi Assoc. 1895 ; “On Tertiaries of 
Australia^ with Catalogue of Fossils,” Adelaide Teohnological Museum, 1892 ; and joint 
papers with Mr. T. S. Hall in Proc. Roy. Soe. Victoria from 1893 onwards. 
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sufficitaa, Citprs^a Arckeri, Ancilht inucroQiata, Pampxa Ar/naai, Waldheimia gari- 
baldtiuia, LorciiUt Forlmi^ Ccllrpont yamUerensis?- 

In New Zealand, rocks believed by wSir James Hector to be partly a Cretaceo-Tertiary 
series are mainly composed of a shelly calcareous sandstone with corals and polyzoa, 
wliich in its lower ]>art passes occasionally into an imperfect nunimulitic limestone 
(Nummulitic beds, Hutchison’s Quarry beds, Mount Brown beds). Volcanic action 
was gi’eatly developed during the deposit of these strata in both islands. Hence inter- 
bed<led lavas and tutfs are frequent, and in the North Island the calcareous deposits 
are often wholly replaced by wide-spread trachyte-flows and volcanic breccias. - 

Captain Hutton has proposed a separation of the younger deposits of the colony into 
three formations : 1st, Waipara (Cretaceo-Tertiary of the Geological Survey, now regarded 
by him as probably Upper Cretaceous), consisting of argillaceous limestone and calcareous 
sandstone, underliiiii by marl and other sandstones with a maximum thickness of 
about 1200 or 1300 feet ; the louver strata contain brown-coal, and among the plants 
are Araucaria, FlahcUaria, Ciuiutmomum, and a number of genera still living in New 
Zealand, such as Pffjia.r, Lorantlms, Fayus, Laminara, Fodocarpus, Dacrydium. 
Higher up come marine sediments, enclosing species of Ostrea, Fedteu, Ferua, Tcllvm, 
Trigonia, luoceraimis, Beleinuites, Ammonites, Scaphites, together \vith remains of 
fishes {Myliohatis) and marine sauriaiis {Ohvoliosaurus, Fplycotylus, Leiodmi). During 
the deposition of the older rocks of this division volcanic activity showed itself along the 
western margin of the Canterbury plains, the earliest eruptions consisting of rhyolite 
followed by dolerite and basalt 2ud, Oamaru (Upper Eocene of Survey), regarded by 
Captain Hutton as Oligocene ipostea, p. 1261) ; and Srd, Pareora (Lower Miocene of 
Survey) considered by him to bo Miocene (p. 1274).*'^ 


Section ii. Oligocene. 

§ 1. General Characters. 

The term Oligocene” was proposed in 1854 and again in 1858 by 
Beyrich"^ to include a group of strata distinguishable from the Eocene 
formations of France and Belgium, and which Lyell had classed as “ Older 
Miocene,” They consist partly of terrestrial, partly of fresh-water and 
brackish, and partly of marine strata, indicating considerable oscillations 
of level in the European area. They consequently present none of the 
massive deep-water characters so conspicuous in some of the Eocene 
subdivisions. Among other geograi)hical changes of which they preserve 
the chronicles is the evidence of the gradual conversion of portions of the 
sea-floor over the heart of Europe into wide lake-l}asins in which thick 
lacustrine deposits were accumulated. Some of these lakes did not attain 
their fullest developxnent until the Miocene iieriod. 

The Oligocene flora, according to Heer, is composed mainly of an 


^ Mr. K. M. Jobuston, Eegistrar-Guncral at Hobart, Tasniaaiia, ‘ Observatioufi with 
respect to tlie Nature and Classification of tlie Tertiary Rocks of Australasia* (1888), and 
his important volume, ‘A Systematic Account of the Creology of Tasmania,’ 1888, pp. 208- 
295, where much information is also given regarding the geology of the other Australasian 
colonies. 

Hector’s * Handbook of New Zealand,’ p. 28. 

Trails, JYeic Zealand bisL xix. (1886), p. 392 ; xxxiL (1899), p. 168. 

^ Jfo7udsdmc/ii6, Akad, Berlin, 1854, i)p. 640-666 ; 1858, p. 61. 
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evergreen vegetation, and has characters linking it with the living tropical 
floras of India and Australia and with the subtropical flora of America. 
It includes some ferns, fan-palms, and feather-palms {Sahal, Phcenicites), 
a number of conifers {Scciuoia^ &c., Fig. 469), cinnamon-trees, evergreen 



{(> 


Fig. Oligocene Pliints. 

(t, Se<iuoiu Luiigsdorlli, Brongii. (J) (from Heer’s ‘Flor. Tert. Helvetia,’ i. pi. 21) ; 

6, Cham Lyellli, Forbes 

oaks, custard-apples, gum-trees, spindle- trees, oaks, figs, laurels, willows, 
vines, and proteaceous shrubs (DrfjaMlm, Drt/aiulroides). 

The fauna displays a distinct advance on that of the previous period, 
and a nearer ajiproach to that of the present day. The nummulites, 
though they no longer play the important^part which they did in Eocene 
times, continue abundant in the southern regions of Europe, but rapidly 



h 

Fig. 470.— Ollgortuie LiiiiHdllbmHehs, 

Morutrix (OytliHren) iuoniKMatii, Sow. (jj) ; ()Htr(sa cyfttUula, Ijaiii. (J). 


diminish in number and variety after the close of the Oligocene 
period. Coral-reefs may still be traced along the flanks of the 
mountain ^ chain from the Pyrenees to the eastern Alps. The 
existing families of crinoids and searurchins have their representatives in 
the Oligocono fauna. Bryozoa are found in gi‘eat profusion in the deposits 
of this period in North Germany, Among the Oligocene mollusca (Figs. 
470, 471) some of the more important genera are Ostrea, Pecte^i, Nucula, 
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Gcirdiiim, Ileretrk' (Gythma), GorUcula, Cancellaricf, Murex, Fmm, Typliis, 
Fleurotoma, Volutilithes, Cerithium^ Potamides, Melania, Planorhk?- 

As a notable portion of the Oligocene series, both in the Old and the 
New World, consists of the deposits of lake basins, the fauna of the land has 
been preserved more fully than among the other older Tertiary formations. 
Especially remarkable is the variety of insect life which has in this way 
.been recorded. The most striking example of this variety and abundance 
is supplied by the small basin of Florissant in Southern Colorado, from 
which Mr. Scudder has obtained more than 1300 species, which embrace 
representatives of all the great divisions of insect life, including ujjwards 
of 30 species of spiders. Some idea may be formed of the richness of 
these strata from the fact that up to the year 1885 they had furnished 
more than 4000 specimens of ants. They have also supplied remains of 
birds, including even the feathers, together with j-elics of the flora 
of the surrounding land, and of the fishes that tenanted the lake.^ From 
the deposits left by the lakes in Central France we obtain a glimpse of 



d 


Fig. 471.— -Oligocene Gastpropodp. 

a, Planorbis euoniplialus, Sow. (jj) ; ft, rotamitlej^(Gmnulolabiuni) plicatus, Lam. (J) ; a, PotaniideH 
cinctus, Sow. (§) ; d, Liinnaiji longiscata, Broiigii. (3). 


the varied bird life of that region in Oligocene time. Thus from the 
lacustrine beds of the Department of the Allier no fewer than 66 species 
had been obtained previous to the year 1871, comprising parroquets, 
trogons, flamingoes, ibises, pelicans, marabouts, cranes, secretary-birds, 
eagles, grouse, and numerous gallinaceous birds — a fauna which reminds 
us of that of the lakes in Southern Africa.® 

It is the mammalian portion of the fauna, however, which claims 
chief attention as evidence of the biological advance of the period. It 
shows a continual increase in variety of forms. According to Gaudry the 
following chronological sequence of appearances and disappearances 
during the Oligocene period have been noted in Europe.^ — 

^ For a list of Britisli Oligocene mollusca, see Mr. R. B. Newton's volume cited on 

p. 1226. ^ 

“ JB. U.S, G. S. No. 98 (1892). 

® A. Milne-Edwards, ‘Oiseanx Fossils de la France,' 1867-71 ; Boyd DawkSs, ‘Early 
Man in Biitaiu,’ p. 64. 

* ‘ Les Euohaliiements du Monde Animal,’ 1878, p. 4. Compare the table, postea, p. 
1260. 
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Srd Stage (Aquitan-' 
ian). — St. Gerancl- 
le-Piiy (Allier), Cal- 
caire de Beauce in 
part. ^ 

2iid Stage (Stanipiau).' 
— Fontainebleau 
Sands, Ferte-Alais 
(Seine-et-Oise). 

1st Stage (Iiilra- 
To-ncriau. San nois- 
in' i;. -- fab .lire de' 
Brie, &c. 


j Appearance of tlie genera Rhinucerott (?), TapiniSy Ralmu- 
cJuei'iis, shrew, Pleswaorex^ Mysaracluic^ mole, musk-rat, 

- Potamotlusfrium, PolsBonyctens. The ruminants are as 
yet without horns ; the proboscidians have not yet 

I appeared. 

I Appearance of the genus Tetracxis, Disappearance of 

- PaJwotlicriitni and A noploth eri tun . Reign of Hyopotam tia 
and Aivthraatth&rimm, 

' Appearance of the genera CadiH'cotheHiim^ Hyrachyiis (an 
American c i u-'. ^ >dun, Anckracutlienum, PaGi'ti- 

tlterinm^ ‘ Tmfjttlohytts, Lc^hionwryx^ 

Jfyn (i) Oelocu^f Uremutlierinntj Therciithcriwn , 

dog (0» civet, mai*ten, Phaictis, Palatotjale, MLurictyn, 

^ lihimlophus^ y'crrolemur. 


The White Eiver series of deposits in Dakota and other interior States 
of America (p. 1260) have furnished an abundant series of mammalian 
vertebrates, which continues and increases the astonishment with which 
the Eocene treasures of the West have filled geologists and comparative 
anatomists. The long list of fossils includes a number of marsupials closely 
allied to the living American opossums rodents, including IscJiy- 

roniys, SdumSf Gyrmiopiychm, Eiimjjs^ several beavers {Sirii>'njiV‘r\ and some 
hares (Palmlagits). The creodonts were represented around those western 
lakes by several species of iriitvtmhm^ the carnivores by canidfe 
(Dii2)h^iws or CyiiotHctk\ weasels {Bmimkirus or Pdmgale), 

. felidse {Dinictis, I{q)lopJio}hrn>s or Brriianodoii, Emmilus), There were like- 
wise insectivores (IcfoRs), horses (llesohippus or Jnchithernm, Anchipj^us), 
lophiodonts (CoJodoii), tapirs {Protaplrii,^), rhinoceroses {Leptac&mtherimiy 
Acenitlieiinm, Hyracodon, .U the gigantic rhinoceros -like 
Titanotheriim, of which nearly 30 species have been determined,^ 
artiodactyl ungulates {IlyopoUmmy Elotheiiwii), primitive ruminants 
{AgrinchtmiR, OmdoHy Epoveodon, Mesoreodoiiy I/ptamhoda, camels of the 
genera Poebrotherium and Protommykry «fec., tragulidse or chovrotains of the 
genera Leptomryx, H'ypertragulfts, llypmdus, and representatives of the 
allied family of protoceratidoe (Protoceniit). 


§ 2. Local Development. 

Britain. — Oligoceiio strata are coiifiucd to one small area in this countiy. They 
occur in the Hainpsliire basin luid Isle of Wight, where, resting coufonnably upon the 
top^of the Eocene deposits, they consist of sands, olays, marls, and limestones, in thin- 
-<^ded alternations. They were accumulated partly in the sea, i)artly in brackish, and 
partly in fresh water. They wore hence named by Edward F'orbes “the fluvio-marino 
series,” aud were divided by him and W. H. Bristow into the following gi'oups in de- 
scending order ; ® — 

ft 

^ H. F. Osborn, Bull, Anm-r, Jfun, Eitf. Hist, viii. (1896), p, 174. This observer has 
shown that the genera Sywhtmtdon, Dieomnltm^ Broittopa^ Titanox}8^ Alloxis, Eaplacoilon and 
Diploconus have been founded on differences of character arising from marks of sex, age or 
individual 'friability, and have no .standing, all the forms designated by them being referable 
to Titanothenmt. The American sequence of manmialH is given, poslm, p. 1260. 

2 “Geology of the Isle of Wight,” Mem, ii&I, Siu'vey, 2nd edit. (1889), p. 124, The 
grouping os there given has been sliglxtly nioditicd by Mr. 0. lieid in tlie course of a ro- 
survey of the Isle of Wight. The strata were formerly regarded as Upper Eocene. 
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Hainstea<l Beds. — (1) Marine stage with Corhida^ Meretrix {Gytherea\ 

Osti'm calliferaj VolatiUthes^ JYatimi Potamides^ and Melania . . 31 ft. 

(ft) Fresh-waterj estuarine, and lagoon stage, with JJnio^ Corhicula, 

Sphuriam, Yivipanis^ Stenothym^ Melanops^ls^ Planorlis, Potamicles 

(rare), turtles, crocodiles, mammals, leaves, and seeds . . . 225 „ 

Bembridge Beds. — (J) Bembridge marls — a fresh-water, estuarine, and 
marine series of clays and marls, with Viviparus^ Melania, Melanvpsis, 

Liiiiiuea, OorUcula, Unio, Ostrea, Meretrix, J>reis8ensia, Nucida 70-120 ,, 

(ft) Bembridge Limestone — full of fresh -water shells {Limnmi, 

Pla)iorhis, &c.), and sometimes with many land-shells (Amphidromus, 

Olandina, Helix, kQ,) 15-25 „ 

Osborne Beds. — Marls, clays, shales, and limestones, with Limnma<, 

Planorhis, Vivqmrus, Melanopm, Melania, CJmm, &c. . . 80-110 

Headon Beds. — (c) Upper stage, consisting of fresh- water clays, marls, 
and bands of limestone, with ErodoTia {Potainomya), Limnsia, Corhi- 

cvla, Vnio, Planorhis, Vivipat'us, Melanopsis, &c 40-60 ,, 

{b) Middle stage, clays, sands, loams, and limestone, with brackish- 
water and marine fossils {Potamides, Mdania, Matica, Nexiiina, 

Pisania, Ancilla, Meretrix (Cythet'ea), Psammdbia, Ostrea, Oorhmda, 

&c.) 30-126 „ 

(ft) Lower stage, marls, clays, sandstones, and tufaceous limestones 
with fi^h- and brackish- water shells {Linintea, Viviparus, Plan&rhis, 

Gorbicnla {Potamamya), &c.) . 60-157 „ 

A large number of the marine niollusca of the Headon Beds range downwards into 
the Barton Olay, but about half are peculiar to the Oligocene series. Among the more 
abundant fonns in the Isle of Wight are Meretrix {Cytherea) inerassata, Ostrea relcUa, 
0. jlahellula, Niicala Tixado'ncnsis, Potamides (Baiillaria) concavits, Melanopsis fusiformis, 
Pisania Idbiata, Murex sexdentolus, Neritina aperta, JV. concava, Ancilla huocinoides, 
Melania mxmmta, and seveml species of Canoellaria, Natica, Pleurotoma, and VolvU- 
lUlies, with Balanus unguiformis. The estuarine and fresh-rrater strata are marked by 
species of Erodana (Potamomya) and Corbicula, while the purely fresh-w^ater deposits are 
full chiefly of Liinnreids belonging to the genera Zimnsea and Planorhis, L, longiscata 
and P, euoTnphalus being perhaps the most abundant and conspicuous species ; Vimpams 
{Paludina) lexvtxLS is also plentiful. Mr. Reid has remarked that every variation in tlie 
salinily of the water seems to have affected the moUuscan fauna of the estuary in which 
these deposits were accumulated. When the water was quite fresh the pond snails 
flourished in abundance, and their remains were mingled with those of Unio and Helix, 
The gradual inroad of salt water is marked by the advent of Erodeym {Potamennya), 
Corbicula, Potamides, Melania, and Melanopsis, while the thoroughly manne fauna with 
volutes and cones shows when the sea had entirely replaced the fresh water.^ 

The Bemhiidge Limestone, one of the most conspicuous members of the Oligocene 
series in the Isle of Wight, is a remarkable example of a fresh- water limestone, full of 
f resh- water and terrestrial shells and nucules of Ghara, The land-shells comprise tx'opical- 
looking gigantic species of Amphidromus (A, ellipticus) and Glamdma {G. eostellata). 
An interesting feature in the overlying Bembridge marls is the occurrence of a thin hand 
from two inches to two feet in thickness of a fine-grained limestone like lithographic 
stone, containing many insect -remains together with leaves and fresh -water shells. 
Some twenty genera of insects have been detected in it, including foims of coleoptera, 
hymenoptei-a, lepidoptera, diptera, neuroptera, ortl\^ptera, and hemiptei’a.® 

The Hamstead (formerly Hempstead) beds form an interesting close to the Oligocene 
series. They consist chiefly of fresh-water, estuarine, and lagoon deposits. But they 
pass upward into a group of marine strata of which, owing to denudation, only about 
30 feet are now visible. Among the more abundant or peculiar of the s^Us in this 

^ 0. Reid, ‘Geology of the Isle of Wight,* p. 147. 

® H. Woodward, Q, J, G, S. xxxv. p. 842 ; 0. Reid, * Geology of the Isle of Wight,’ 
p. 177. 
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mai’iue band the following may be mentioned : — Ostrea callifcra^ 0* adlata (both peculiar), 
Meretrix {Cythcrca) Lyellii, Gorhula G. vecteTisis, Gmm in<»iopleXi Volutilithcs 

llathierii Potamides jdicatiis, P. Sedgioichiiy Sirchlocercis cornucddes,'^ • 

Considerable interest attaches to the marine band forming the middle division of 
the Headon beds, as it serves for a basis of coiTelation between the English strata and 
theii* equivalents on the Continent. This band, so well seen in the Isle of Wight, 
occurs also at Brockenhurst and other places in the New Forest. It has yielded 
more than 230 species of fossils, almost all marine mollusks, but including also 
14 species of corals. Of these organisms, a considerable proportion is common to the 
Lower Oligoceiie of France, Belgium, and Germany, and 22 species are found in the 
Upper Bagshot beds.’** 

The Oligoceiie or fluvio-marino series of the Hampshire basin has likewise yielded 
vertebrate remains such as characterise the corresponding deposits of the Continent. 
They include those of rays {MyUohatis\ snakes {Palcryx\ crocodiles, alligators, turtles 
{OcadiOj Trionyx, numerous species),'and a cetacean {Balfeno^ptera ?) \ while from the 
Bembridge beds have come the bones of a number of the characteristic mammals 
(Ancldlophns. AnUiracothcriuni^ AnoplotlLcrium, two species, PcihtotJiCTiimif six or more 
species, Gluxropotamm, DicUodon), The to]> of the fluvio-marino series in the Isle of 
^Wght having been removed in denudation, the recoi^ds of the rest of the Oligoceiie 
period have there entirely disappeared. 

For many years it was customary to consider as Miocene certain plant-bearing strata, 
of which a small detached basin oocum at Bovey Tracey, Devonshire, but wdiich are 
mainly distributed in the great volcanic plateaux of Antrim and the west of Scotland. 
These strata have subsequently boon regarded as equivalents of the Oligooene 
formations on the Continent. At the Bovey Tracey locality, which is not more than 80 
"miles from the Eocene leaf-beds of Bournemouth and the Isle of Wight, a small but 
interesting gi-oup of sand, clay, and lignite beds, from 200 to 300 feet thick, lies 
between the granite of Dartmoor and the gi’censaud hills, in what was evidently the 
hollow of a lake. From these beds, Heer of Zurich, who has thrown so much light on 
the Tertiary floras of both the Old World and tlie New, described about 50 species 
of plants, which, in his opinion, place this Devonshiin gi'oup of strata on the sumo geo- 
logical horizon with some part of the Molasse or Oligoceue (Lower Miocene) groups of 
Switzerland. Among the species are a number of feras stiriaca^ Pccopteris 

{Oshmnda) Ugnitum, &c.) ; some conifers, jiarlicularly Sequoia Uo%iUsiti\ the matted 
debris of which forms one of the lignite beds j cinnamon-trocs, cvergi’oon oaks, custard- 
apples, eucalyptus, spindle- trees, a fe’w grasses, water-lilies, and a i>alm {Palmacites), 
Leaves of oaks, flgs, laurels, willows, and seeds of grapes have also been detected — the 
whole vegetation implying a subtropical climate/* SubstMiueutly Air. Starkie Gardner 
expressed the oi)inion that this flora is on the same horizon as that of Bournemouth, 
that is, in the Middle Eocene group."* Mr. Clement llcid, also, has expressed tlie 
opinion that “the resemblance of the deposits and of* their flom to the undoubted 
Bagshot [Beds] of Dorset is most striking. Still one cannot say that the botanical 
evidence is conclusive, for the species are few and gmatly need re-examination. Other 

^ C. Reid, op, ctL p. 20(i. 

2 A. vou Kiinen, J, O, S, xx. (1864), p. 97. Duncan, op, cU. xxvi. (1870), i>. 66. 
J. W. Judd, op, cit, xxxvL (1880), p, 137 ; xxxviil. (1882), p. 461. H. Keeping and E. B. 
Tawney, op, cit, xxxvii. (1881), i). 85 ; xxxix. (1883), p. 666. E. B. Tawney, Oeol, Mag. 
1883, p. 157. W. Keeping, Oeol. Mag. 1883, p. 428. J. W. Blwes, Brit, Asm, 1882. 
Sects, p. 5JW. 

» Phil. Tram, 1862. 

British Eocene Flora,” PcdmnL Soc, 1879, p. 18, See also Q, J. O. S. xli. p. 82. 
The uncertainty hitherto experienced in the correlation of deposits by means of land-plants 
has been already referred to (pp. 832, 839, 848, 1034). 
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fossils are almost entirely' absent.” ^ If this view be ultimately established, the volcanic 
rocks of the north-west of Britain, with their leaf-beds, may be also relegated to the 
Eocene period. In the meantime, however, these various plant-bearing deposits are 
retained here in the Oligocene series as possibly equivalents of the brown-coal and 
molasse of the Continent. 

The plateaux of Antrim, LIuU, Skye, and adjacent islands are composed of successive 
outpourings of basalt, which are prolonged through the Faroe Islands into Iceland, and 
even fai‘ up into Arctic Greenland. In Antrim, where the gi*eat basalt sheets attain 
a thickness of 1200 feet, there occurs in them an intercalated band about 30 feet thick, 
consisting of tulfs, clays, thin conglomerate, pisolitic iron-ore, and thin lignites. Some 
of these layers are full of leaves and fruits of terrestrial plants, with occasional insect- 
remains. According to the data collected by a Committee of the British Association, 
upwards of thirty species of plants have been obtained, including conifers {CupressitLO^'ylon, 
Ta-,wdiumt Sequoia, Pinas), monocotyledons (Plirag^nites, Poadtcs, Iris), dicotyledons 
[Salix, Populus, Ahius, Coryliis, Quercm, Fagiis (?), Platanu^, Sassafras, Acer, 
Andromeda, Viburnum, Aralia, N\issa, Magnolia, Rhamivas, Juglans, &c.).‘-* In the 
west of Scotland the volcanic sheets attain still greater dimensions, reaching in Mull a 
thickness of 3000 feet, and there also including thin tuffs, leaf-beds, and coals. In 
Mull, Skye, and Antrim the terraces of basalt, with occasional comparatively thin bands 
of tuff and sheets of rhyolitic and ti-achytio lavas, form a noble example of the extravasa- 
tion of great piles of molten material without the formation of central cones or the discharge 
of much fragmentai-y matter (p. 345). They have been invaded by huge bosses of 
gabbro and of various granitoid rocks, which send veins into and alter the basalt. They 
are likewise traveled by veins of pitchstone, but more especially by prodigious numbers 
of basalt-dykes, which in Scotland have a prevalent W.N.W. and E.S.E. direction. 
The basalt-plain was channelled by rivers, and into the ravines thus eroded streams of 
pitchstone made their way (Souir of Eigg), whence it is evident that the volcanic 
eruptions lasted during a protracted period.** 

France. — In the Paris basin, where a perfect upward passage is ti’aceable from 
Eocene into Oligocene beds, the latter are composed of the following subdivisions : ^ — 

^ Calcaire de la Beauce — a lacustrine deposit, is separable into a higher assise 
I (Molasse du GS.thiais, sometimes 57 feet) consisting of green marl, siliceous 

'I sand, and calcareous sandstone passing into the Helix limestone of the 

Orleanois {Helix Moroguesi, H, awrdmnus, if. Tristaui, Plaim^is solidus, 

& - Limnma Larteti, Melania aqwitanica, &c.) ; and a lower, composed of 
limestone (Calcaire du Gatinais with Limnsea Brongniarti, L, corneu, L. 

1 Q. J. G. S. m. (1896), p. 490, and liv. (1898), p. 234. 

3 W. H. Baily, BriL Assoc, 1879, Rep. p. 162 ; 1880, p. 107 ; 1881, p. 152 ; J. Starkie 
Gardner, Q. J. G, S. xlL p. 82 ; xliii. p. 270. On the north coast of Antrim, near BaUiutoy, 
a band of tuff occurs about 150 feet thick. But in Ireland, as in Scotland, the tuffs take 
quite a subordinate place among the great piles of basalt. 

3 A. G., Proc. Boy. Soc. Edin, vi. (1867), p. 71 ; Q. J. G, S. xxvii. (1871), p. 280 ; xlviii. 
(1892), Pres. Addi-ess, p. 162 ; 1. (1894), pp. 212, 645; lii. (1896), pp. 331-405 ; ‘Ancient 
Volcanoes of Great Britain,’ 1867, vol. ii. ; Trans. Roy. Soc, Edin, xxxv. (1888), p. 21. 
Professor Judd {Q. J. G. S. xxx. (1874), p. 220 ; xlv. (1889), p. 187 ; xlix. (1893), p. 175) 
supposed that there -svere five great volcanic cones in the Western Islands whence the streams 
of basalt flowed, and of which the mountains of Mull, Skye, &c. are the degraded ruins, 
and he regarded the granitoid rocks as older than the others. The true order of succession 
as established by me has been completely demonstrated by the recent detailed examination 
of the ground by Mr. Harker of the Geological Survey, Summary of Progress Geol, Sun\ 
for 1897, 1898, 1899, 1900 ; Geol. Mag. 1901, p. 506. 

^ Dollfus, B. S Q. F, 3® s6r. vL (1878), p. 293. A. De Lapparent, ‘ Traite,’ 4th edit. 
1900, The separation of an Oligocene series in the Paris basin is not admitted by some 
Frenbh geologists. 
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ci/lindma, ffclic Ramundi, Oi/dost ■ . P'^norbia cttrnu^ Rot- 

(Uiiules Lcimcu'cki, and a numher of ■■ Anthracotheriumf 

^ Acmitherium^ Rhuioceroa^ &c. 

^Sables et Gres de Fontainebleau and ollh In tlie fStampes district, 

where these deposits are well iii-M-loin-d. .lay reach a thickness of 
about 130 feet. At their top lies the Ormoy Sand, wliich has been 
p indurated by a siliceous cement and furnishes hard paving- stones. Tlie 
fauna on the whole is marine, as is shown by its including species of 
S Binxinum, Plcurotoma^ CciHthiam^ N'otira, CaasidciHat MeretrLc inci'assata. 

^ Oyster-marls with Oatmi lougivoslns, 0. ci/athula, and Corlnila snhpisum 
foiTuiug p." V — water-bearing horizon below the thick overlying 
sands. T m ■ r pass into the Molasse d’^ltrechy with Pofamides 
^ plicfdua, Bayunla aemidecusaatti-, Merefri-i' iticnisaata^ &c. 

' Calcaire de la Brie, a lacustrine limestone "with few fossils, Limmea. cornea^ 

^ Pfaiwrhia comii, Charat &c. 

d Green -Marls (Manxes a C^yrcnes, glaises vei-tes), consisting of an upper 

•c niasH of non-fossiliferous clay, and a lower group of fossiliferous laminated 

g* I ' marls [Potam idea pUmtua^ Paanwwhia iih'n'u Pnrhieida acm iatrktia = con ve,t'a). 

H J Supra -gypseous blue marls, with very IV w fo--i!- {ygatia plitwifa). Wliite 
marls (Marnes de Pantin), with Limmm alntjoaa, Planurhis planulalua^ 

^ Bithhua {Ni/atia) DiichaatelL 

Geogi'aphical names have been assigned to the subdivisions of the Oligocene series in 
France, Belgium, Switzerland, and North Italy. The lowest member is called Tongrian, 
from Toiigres, in Liiiibourg,^ Above it comes the Stampiaii, so named from Etampes, 
where it is typically developed. The uppermost gi'oup is known as Aquitanian, from its 
well-marked occun'ence in Aquitania. 

The chief area of Oligocene strata in France lies in the Paris basin between Epernay 
and Sauniur, where, spreading over a wide extent of country, they have been cut down 
by the streams so as to reveal the Eocene fonimtions below them. The next tract in 
importance lies far to the south-west (Aquitania), whore the Lower Oligocene division 
consists of a group of strata alternately maiine and fresh- water.*-* At the bottom lies a 
band of marls with Ammia and Oatrea, which gi-aduiitcs upward into molasse and lime- 
stone (Castillou, Civrac) containing lacustrine shells, and possibly ecpiivalent to the 
Calcaire de la Brie of the Paris basin. Next comes a thoroughly marine band in the 
form of a limestone full of remains of stor-lishes, together with si>ocies of Kntka, 
Cerithium, TrocJuiis, &c., but passing laterally into fresh -w'ater deposits. The highest or 
Aquitanian division includes a series of “ faluns,” or limestones, marls, and sandstones, 
pai-tly marine and pxxrtly lacustrine. The marine bands are marked by the ]>resence of 
Ostreco agiiienais, Lucina scoimlonmr^ Area cardUfovniis, Turritella Desmarestif CcriHUmn 
calcfuZosimy G. lidentatuin, 0, faUa,r, 0, 'tmrijaritaccnm, Pgrula Lahieu The lake 
deposits, in addition to fresh-wator and land shells, enclose remains of land-plants as >vell 
as bones of the terrestrial mammals of the time. Similar alteniations of sedimentary 
conditions may be traced east-wards tlirough Languedoc and the Ardeoho ’into Provence, 
where lacustrine deposits (Phym^ Plan orb IJvinar-a) lie immediately upon the 
Upper Cretaceous rocks. At Aix these hods have long been noted for their abundant 
plants {CalUtria Brorngmiaril^ Widdringtoniu Irrachypht/Ua, Flahellaria lamanonis^ 
Qiiercit8f Lmrua^ Cinifaamomum), insects and mammals (Pala>otIicTmn^ XipTiodotu 
Anoplotherkmt Choaropotavvas). In Daui)liin6 the Upper Oligocene division is re- 
presented by from 800 to 900 feet of marls and limestone-hands, with Melania and 
Corhicidaf and capped by limestones containing land or fresh-water shells. Still farther 
east the Oligocene passes into the Flyseh of the Alps. 

The brackish waters in which the deposits of the lower division of the Oligocene series 

^ Professor Ue Lapparent, in8tea<l of this term, proposed originally by Dumont, has 
adopted “ Sannoisian,” from Sannois, near Paris. 

2 A detailed account of the Tongrian stage iu Aquitania has been given by Professor 
Fallot of Bordeaux, MStn, Soc» Sci. Phya. Jyat. Bordeaux sit. v. (1894). 
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in the Paris basin were laid down seem to have stretched southwai’d into the Plateau 
Central. That region had long been a terrestrial surface on which a crust of weathered 
material (laterite) had accumulated. In the hollows of this surface, marls and 
limestones were deposited, containing CeHthmm marfjaritaceinn and species of 
Potamidcs and Corhicula. By degrees there arose a lake or group of lakes, in 
the sediments of which have been abundantly preserved the relics of the lacustrine fauna 
as well as of the plants and animals of the surrounding land. In the largest of these lakes, 
that of the Limagne d* Auvergne, a thick series of arkoses, marls, and limestones 
accumulated. In this mass of strata representatives of the three divisions of the 
Oligocene series have been recognised. Towards the north the middle or Stampian gi*oup 
rests directly on the giunite, but southwards the lower or Sannoisian appears from under- 
neath and expands until it constitutes there the greater part of the W'hole succession. 
It marks the spread of bi-ackish w’ater lagoons over the region. The Stampian 
strata, which comprise the main part of the Oligocene history of the Limagne, reach a 
thickness ^vhich may perhaps exceed 1000 metres (3280 feet). They consist of marls, 
limestones, and sandstones, the limestones formed of the remains of lacustrine and 
land-shells [Limiisea^ Nystia, Sydrohia, Hdix\ cyprids, oogonia of CJiara, and in some 
instances the crowded cases of caddis-worms {Pliryganw)^ which were constiucted of 
young univalve shells. In the lower part of the Stampian group are found* Qelocus^ 
A'ntliracotlieHimi Hyee^iiodon^ PemtheHum ; in the middle comes LopMomcryx, and in 
the upper Ih'einotherium and Cssnothcrium, The portion of the series referred to the 
Aquitanian stage is comparatively feebly represented in the Limagne, the best develop- 
ment being seen in the upper marls and plant-bearing sands of the well-known Hill of 
Gergovia, south of Olermont Ferrand. lYom the phrygania-limestones and marls of 
this division, however, an extraordinarily abundant and varied vertebrate fauna' 
has been obtained in the district of G<5rand-le-?uy. XJpw’ards of 50 species of mammals, 
about 70 of birds, 11 of reptiles, 2 of amphibians, have been named by MM. Filhol, 
Pomel, and Milne-Edwards. The mammals include a bat {Palmmyctcris\ a hedgehog 
{Palmerinacei(s\ various rodents like our modem dormice, marmots, and beavers (Myox^^Sn 
Titanomys, Stmeofiber) ; a large number of carnivores {lAitm, Amphicyon, 

Cephalogale^ Plesictis, Vivenn, JScfipcde^^ AmphicUs, Mustela, Prosdurus) ; ungulates 
{QlwZicotlierviimj Csmothcrixim^ Plesiomeryx, , AceratJieriuxn, Rhinoceros, Protapims, 
Eyotherium, Dremotherium, AmpMtragichis) ; and an opossum (Aiiiphipcrathcrium). 
The birds comprise parrots {Psittaaiis), eagles, kites (Milvus), owls [Bnlo, Strix), -wag- 
tails {MotacUla), trogons, woodpeckers (Pimis), pigeons (Cohmha, Pterocles), gallinaceous 
forms {Palseortyx), rails flamingoes (rhoniieoptcnis), cranes (Grits), herons 

(Ardca), storks (Argala), ibises, redshanks (Totamts), dunlins (Tringa), shearwaters 
(Puffinus), gulls (Larxis), cormorants (Phalacroeorax), gannets (Sxda), pelicans, and ducks 
(Anas). Among the reptiles are species of Testudo, Ptychogaster, OMydra, and Trimyx?- 
M. Milne-Edwards called attention to the remarkable resemblance of this avian assemblage 
to that characteristic of the gi'eat lake-basins of Central Africa. It may be added that 
an additional feature of interest in the old lakes of the Limagne is presented by the 
abundant intercalation of seams and partings of fine basalt-tuif interstititificd among the 
marls and limestones, which sliow that the volcanic history of that region goes back 
into Oligocene time.^ 

^ H. Filhol, Ann, Sci, GM, x. (1879); xi. (1880); xii. (1882); A. Milne-Edwards, 

‘ Recherches aiiatomiques et paliontologiqties pour servir h Thistoire des oiseaux fossiles de la 
France,* 4 vols. 4to, Paris, 1867-71. ir 

^ These intercalations of tuff form the “Peperites** of Auvergne, regarding which so 
much difference of opinion has been exp>ressed. Some geologists, impressed by the proofs of 
intrusion by the peperites in certain places, have come to the conclusion that these tuffe are 
everywhere intrusive, and that their obvious interstratification in thin leaves among the 
undisturbed lacustrine strata is to be explained by some [unintelligible] process of transfusion. 
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In the east and centre of France a pecnliar ferruginous deposit (Terrain sid^ro- 
lithique) is traceable over a wide region, sometimes forming the surface and sometimes 
passing under younger Tertiary foimationa. It consists of an earth or clay full of 
pisolitic grains of limonite, which are often in sufficient quantity to afford a workable 
source of iron. With it are associated sheets of limestone or travertine full of remains of 
Cliara and fresh-water or land shells. Where these deposits lie on Jurassic limestones 
they fill up fissures and cavities of the older rock, and, like the Eocene osseous breccias 
already noticed, have entombed and preserved remains of the contemporary terresti’ial 
fauna. In some places these remains have accumulated in such quantity as to furnish 
valuable deposits of phosphate of lime. Such are the phosphorites of (Juercy, which have 
filled up fissures and pockets in the limestones. The upper part of the deposits generally 
consists in large part of red clay and loam full of gi*anular limonite, while the lower 
portions are phosphatic. There appeal’s to be always a close relation between these 
accumulations and Tertiary strata in their vicinity, and they are never found on the 
higher limestone plateaux above the level of these strata. The Queroy phosphorites are 
famous for the variety of animal remains yielded by them, which number 58 genera of 
mammals, whereof 25 have been found in the Paris gypsum. They include artiodactyle 
ungulates {A%oplotherium^ Anthracotherimn, Amphitmgulus^ Qmmthcrmm^ Xip}icdon\ 
perissodactyle ungulates {LopKiodmi\ pig- like animals {Celoc1u£nis\ a rhinoceros 
{Arn'otharhim), carnivores {CyiiodictySj Ey(e,nod(m\ and lemuroid monkeys {Adapis^ 

Belgium.*-^— The Oligocene succession in this country dittcrs from that of France, 
and has received a different nomenclature, as follows : — 

Upper Oligocene wanting in Belgium in the form of marine deposits ; 
represented in Upper Belgium by sands and gravels, sometimes in- 
durated into sandstones and conglomerates, and — 

^ White fine sands. 

Olay of Boom containing more than 60 species of shells {Mnrex Reshayesi, 
Typhia SchhtJmm if Eiistia datiw, Cussidaria nodoaa, Ph%{.Tot(yim 
g Luchaatelif Valuta/ .If*'.-" 7). ^ .* Peciunculmohovat'iiSf Numlana 
gj ^ DeahayeaUinaf Gorbula aiimca, Tei'emmulina 8trmtula\ a number of 
p fishes, both teleostean and elasmobranch {Oyhkmf RictyoduSf Sgovi- 
hnniiylwdtni^ CinrJtarodo}if Lavviut>, OdontaapiSf Oxyrhimf Mylio- 

h/tiSj (lalm'erdu, chelonians, birds (jflntM, 

^ Larua), and sirenian r. ■/ /■• • “'tf / , Ealiihe^'ium, Metasey- 

K I, therium), 

?Sauds and gravels. 

I Clay with JVuciila compta. 

The phenomena are easily understood, however, by one who has made himself familiar with 
the behaviour of tuffs in an ancient dissected volcanic region like that of Central Scotland 
(p. 176). The material of the peperites has undoubtedly here and there filled up the 
volcanic vents, and has even been injected in veins and dykes around their margins. But 
the main mass of the material was ejected from these vents, and falling, as volcanic dust and 
sand, over the lake and surrounding ground, became interleaved with the contemporaneou.s 
lacustrine sediments, thus affording the most satisfactory evidence that the long series of 
volcanic eruptions in Auvergne began as far back as upper Oligocene time. The most recent 
presentation of the arguments for the intrusive nature of the material will be found in No. 
87 of the Bull. Carta Oiol. France (1902), by J. Giraud, where the fullest account of the 
formations is given, together with a useful bibliogi'aphy. Professor Gosselet clearly recognised 
the impo^ibility of accounting for the tranquil interstratification of the fine material of the 
tuff among the unbroken shells of the ife^iaj-limestone by any process other than that 
of contemporaneous deposition, B, H. Q. F, xviii. (1890), p. 913. 

1 H. FUhol, Ann. Sci. Giol. 1876. 

® E. Van den Broeck, ‘Materiaux pour Tdtude de VOligocene Beige,’ BuU. Soc, Bdg. 
mi. 1894. 
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Sand::! of Berg with Pectuncidua oborvatiis^ famous for their large list of 
marine mollusks and fish remains, many of -which are the same as those 
found in the Clay of Boom. 

Green glaises interstratified with white qnartzose sand. 

^White quartzose pebble-gravel and black flints. 



II 


'Sands and marls of Vieux- Jones, with some 60 species of fossils, including 
Potamides pUcatus, CeHthiiim cancellinuin^ Bithinia Dtfbtiissoni, 
Qorbulomya irUinguIa. 

Glaises of Henis -with Meretnx incrassata, Xeriiina> DncJiasteU, Modiola 
Faujasi^ Qorhulapmm^ Pecten Jfoninghausi, Mya aagustcUai Planorhis 
f7eprt'S8us. 

Sands and marls of Bautersem -with On'blcitla semistriata, Mdania Mart- 
cata^ JET. costata^ Bithinia tenulpLimta^ B. helicella. 

'Green glaise, glauconitic sand of Neerepen. 

Fine argillaceous and micaceous sand well developed in limbourg 
(Grimmertingen), specially characterised by Ostrea %mtilabrwni* The 

- deposit has yielded 231 species of mollusks.^ 

Fine sand slightly glauconitic. 

Grey plastic clay. 

Coarse gravel of primary and secondary rocks. 


Crennany.^ — In northern Germany, while true Eocene deposits are wantiirg, the 
Oligocene groups are well developed both in their marine and fresh-water facies, and it 
was from their characters in that region that Beyiich proposed for them the term 
Oligocene. They occupy large more or less detached areas or basins, witli local 
lithological and palaeontological variations, but the following general subdivisions have 
been established : — 


t. - 
P 


^Marine marls, clays, sands, sparingly dhtributed (Boberg, Hanover ; Wilhelms- 
hohe; Mecklenburg-Schwerin), with Spatangiis Hoffmanni, TGi'ehmiula 
grandisn Pecten Janus, P. decussatus, Area Speycn, Fassa pygmesa, 
Pleurotoma subdentimdata. 

Brown- coal deposits of the Lower Rhine,** &c., with a flora of less tropical 
Indian mid A-Kralidu type, and more allied to that of subtropical North 
America {Acer, Oinmmoimnn, Oiijjressinoxylon, Juglans, Nyssa, J^inites, 
Quercus, &c.). Some marine beds in this division contain Tei'ebi*attila 
, grandis, Pecten Janus, P. MUnsteri, &c. 


s 

§ 




'Stettin (Magdeburg) sand and Septaria-clay {SeptarmiUvon), with an abundant 
marine fauna (foraminifera, Pecten pennistus, Fuculana deshayesiana, Fimda 
Chasieli, Astarte Kickxii, Cardium cingidatuni. Plairotonia scabra, Avdfnus 
obtnsus, Fusus Koninckii, F, multisulcatus, &c., ApoirhaU speciosa, Lenta- 
limn Kickxii). These beds are widely distributed in North Germany, and 
J are usually the only representatives there of the Middle Oligocene deposits. 
I In Saxony and elsewhere they contc'»' pTinsj-n-hofio deposits, the phosphate 
of lime being often in rounded or \V. cretious, each of which 
encloses a shell or fishbone. In the » i* t S'-*- Pectm'"'^^''* P^^i'^ipr/ 

the most frequent enclosure.^ In some places a local :■ .■ ■ ■ \t 

occurs (Alnit^s Eefersteini, Cmnamomtm poly morphwn, P'-> ' - 
^ Taxodiuvi diibhtm). 


^ For the list of these shells see G. Vincent, Ann, JSoc, Malacol. Bdg, xxi. (1886), 
Mhn, p. 3. 

s Beyrich, MoncUshericht, ATcad. Berlin, 1854, p. 640 ; 1858, p. 51. A. von Koenen, 
Z. L, G, O. xix. (1867), p. 23. Ahhand, QeoL Speciedkart, Preuss, 1889-94. ^ 

® 0. F. Zincken, * PhysxograpMe der Braunkohle,’ Hannover, 1867, 1872. H. von 
Dechen, ‘Die nutzbaren Mineralien, &c,, im Deutscheu Reiche,’ 1878, For a popular 
account of the brown-coal of Germany see M. Vollert, ‘Der Braunkohlenbergbau,’ Halle, 
1889, the “ Festschrift ” of the fourth Deutsche Bergmauustage in 1889. 

^ H. Credner, Abhandl, K, S&chs, Qes. Tr/ss«M. Math, Phys, Class, xxii, 1895. 
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/^Egeln marine beds {Oatrea ve}Uilabriim, Pecten bell icosUtt its, Nucnlana pcrovaVts, 

Area -y Cardita iJunheri, Ccmiiuni Hammnnui, Jlerdrb: 

Soland , ^ Ifevitm, Pleurntoma Beyrichi, P. aubconoidea, Lyria 

decora, Buccinum bnllatmn, &c., and corals of tlie genera TiirbinoHa, Balano^ 
iphyUia, Oaryophyllia, Qyathind)A 

Amber beds of Kbuigsberg, consisting of lignitiferoiis sands resting on marine 
glauconitic sands, near tbe base of which lies a baud containing abundant 
pieces of amber. 'Phe latter, derived from several species of conifers, especi- 
ally Pimts succinxfera, have yielded a plentiful series, estimated at about 
2000 species, of insects, arachnids, and mjTiapods, together with the 
fruits, flowers, seeds, and leaves of n large number of conifers {Pinites, Pimts, 

. AbiCtH, Scqit.oia Lani/sdorjii, Widdringionitca, Liboi'edrus, Thuja, Gupressvs, 

I Taxndiuw-) and dicotyledons {Qiiercits, Cuatanea, .'ir/frn'i/. Polygeoutm, 

I ] Ginnamomum, Geranium, Linum, Acer, Ilex, IVmmmis, Jjeutzia), together 
^ with Andromeda, The sands contain Lower Oligocene marine 

mollusca, sea-urchins, &c. 

Lower Brown-coal series — sands, sandstones, conglomerates, and clayswith inter- 
•stratifted varieties of brown-coal (pitch-coal, earthy lignite, paper-coal, wax- 
coal, &c.), a single mass of which sometimes attains a thickness of 100 feet or 
more. These strata may be traced intermittently over a wide area of northern 
Q-ermany. The flora of the brown -coal is largely composed of conifers 
Tosdtes, Taxoxylon, Gupressinoxyh- . S! •. but also with Qiuxcns, 

Laurus, Oinuaitwmam, Magnolia, h y J'iexis, SassaftxLs, Alnvs, 

Acer, Juglans, Beiida, and palms (/SI ■ ' /V *•.. ' . . ■*/ . The general aspect of 

this flora most resembles that of the southern states of North America, but 
w with relations to earlier tropical floras having Indian and Australian affinities. 

In the Mainz basin some marine sands, clays, and marls in the lower part of its 
Tertiary deposits are referred to the Oligocene aeries, and are an’anged as follows : — 

Cerlthium Beds. — Sandy and calcareous strata with brackish- water and land shells 
{Potamides pikntuft, Mytilm Fmtjasi, JlelU, &c.). 

Cyrena marl muL "Mih! {Gorbicxda {Cyrena) semisiriaia, Potamidcs plicatus, 
Geritlmm margaritacmm', Periia Sandbergeri, &c.), 

Septaria-clay with Nuculmia dcahayesianK, 

Mar-ine saud of Weinheim with Ostrea callifera, Pretuticnlus dbovatus, Meretrix 
iticrassata, Kalka crassatlna. 

Switzerland.” — Nowhere in Europe do Oligocone strata play so important a part 
in the scenery of the land, or present on the whole so interesting and full a picture of the 
state of the continent when tliey wore deposited, as in Smtzerland. In the northern 
part of the country the marine sands and clays of hlainz and Alsace are found aronnd 
B&le, where they reach a thickness of nearly 1000 feet and pass up into fluvio-marine 
deposits, as shown in the subjoined table ; — 

§ p a3 f (Letten) with Ostrea cyaihtda,, fresh- water limestone (Limmva, 

S i Ilydrdm, BremenHia, GJiam, sands and sandstones (Potamides pHcaiits, 

PO « I Gorhicula {Gip'eiia), Cinnauumium, Myriea, &c.) 20 metres. 

^ fSeptaria Clay (200 metres) with Tcictidaria, TrunvatMina, Rotalia, Sabal, 
j§ g Quemts, Eucalyptus, Cassia, &c. 

S g 4 Marine sand (100 metres) with Potamides ( Tympanotopus) trocMcaris, 
j§ I .{..-••f ' ’’ *. " Pcctunoulus d)ovatxis, Ostrea mlli ^era, Pecten, Photos, 

O /..■ I j/ii ,‘f.' rf i^uercus, Cinnavwnuim, Daphtwgenc. 

^ For detailed descriptions of the Lower Oligocene molluscaii fauna of North Germany see 
Professor A. von Koeneu’s elaborate monograph, Abhand. GcoLSpeeialkart. Preuss. x, (1889-92), 
® ‘ Flora des Bemstehis,^ vol. i. on the conifenc, H. B. Goeppert, 1883 ; vol. ii. on the 
dicotyledon#, Goeppert, A. Menge, and H. Gonwentz, 1886 ; ‘ Monograph. Baltischen 
Bemsteinhaume,* Danzig, 1890. 

® Studer’s ‘Geologie der Schweiz,' vol. ii. ; Beer’s ‘Urwelt der Sdhweiz,’ 1866 (an 
English translation of which by W. S. Dtdlas appeared in 1876) ; * Flora Fossilis Helvetia,’ 
1864-69 ; A. Favre, ‘Description Gcologique du Canton de Geneve,* 1880, vol. i. p. 69, 
Livret Guide dans le Jura et les Alpes de la Suisse, QongrPs (Hoi, hiternat, 1894. 
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farther south the Oligoeene formations rise into mountainous ground where their 
highest member forms the base of the large ma^s of l^agelfluh (Miocene) of the Rigi 
and Rossberg. ’While they include proofs of the presence of the sea, they have 
preseived a large number of the plants which clothed the Alps, and of the insects which 
flitted through the woodlands. They form part of a great series of deposits which, 
termed “Molasse” by the Swiss geologists, were formerly considered to be entirely 
Miocene. Their lower portions, however, are now’ placed on the same parallel with 
the Oligoeene beds of the regions lying to the north, and consist of the following 
subdivisions : — 

Red Molasse or Aquitanian Stage (1300 feet in Rigi district) : sandstones, grey and 
red sandy marls with marine bands containing Canliinn hiccrmnse^ 0, Kaufmtnni 
and brackish or fresh -water bands enclosing Ziziphus^ Cinmimoviu^n, 

Sequoia. 

Tongrian Stage or Upper Flysch (2600 feet in the Renssthal) : sandy micaceous 
shales and sandstones and diabase-sandstone. Chai*acteristic fossils are some of 
the fishes w’hich axe common also in the Oligoeene shales of the Carpathians, 
Croatia, Glarus, and Alsace, such as the herring-like Mdetta^ also Lepidopm 
and Palsetyrhynchm. 

Rigi-beds, Ligurian Stage, or Lower Flysch (2600 feet in the Renssthal) : grey 
marly shales, Tiihi-lu'd.lcd limestones, sandstones, and conglomerates, — Nuimriu- 
lites, Orhitoides, Prenaster, Terebmtulina^ Spondyliis^ Pecteut Lithotliamnum, 
Chondrites^ &c.^ 

The upper or lacustrine portion of this series must have been formed in a large lake, 
the area of which probably undenvent gradual subsidence during the period of deposition, 
until in Miocene times the sea once more overflow’ed the area. We may form some idea 
of the importance of the lake from the enormous thickness oi the deposits formed in • 
it (posica, p. 1270). Thanks to the untiring labours of Professor Heer, we know more 
of the vegetation of the mountains round that lake, during Oligoeene and Miocene time, 
than we do of that of any other ancient geological period. The woods w’ere marked by 
the predominance of an arborescent subtropical vegetation, among which evergreen 
forms were conspicuous, the whole having a decidedly American aspect. Among the 
plants were palms of American type, the Californian coniferous genus Sequma^ alders, 
birches, figs, laurels, cinnamon -trees, evergreen oaks, with many other kinds. 

The portion of the great Flysch formation of the Alps referred to the Oligoeene 
series consists especially of sandstones and dark shales, of which one of the most noted 
members is the band of shales of Glarus so long known for its abundant fish-fauna. 
The species (29 in number) obtained from it, many of which are also found in 
corresponding strata in other parts of Europe, include herrings {Melctta), toothed carps 
{Prohhia8\ cod mackerels {Lepidop^is^PaUmphyeSilsuricUhys, OpisOwmyzcni) 

aud other forms.- 

Fortugal. — In the western part of this country, especially in the Lisbon district, and 
less continuously northwards to Leiria, the Cretaceous formations have been overspread 
by a plateau of basalt and basalt-tuff, which, between Pnizeres and Rabicha, is 200 
metres thick. The age of this volcanic intercalation has not been definitely fixed ; it 
must be post-Cretaceous and may be Eocene or Oligoeene. The basalt, as in Ireland, 
has protected the upper Cretaceous formations from denudation, and has itself been 
much reduced to detached masses by the progress of waste. The occurrence of this 
volcanic platfoim on the western margin of Europe is of much interest in connection 
wth the volcanic history of the continent. The eruptions may possibly have been 
coeval with the great outpouring of basalt in the north-west, from. Irelai>4 and the 
Hebrides northw’ards by the Faroes into Iceland. 

^ livret Guide, p. 143, as above cited. 

® The fishes of Glarus are described by A. Wettstein in Ahh. Schweiz. Palmmt, Qes, 
xiii. (1886). 
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The deposits which overlie the basalt are most completely developed around Lisbon. 
They consist in the lower part of massive conglomerates, which are regarded as 
probably of Oligocene age, as they are overlain and sometimes overlapped by marine 
strata referable to the oldest part of the hliocene series. The materials of these 
conglomerates include fragments of the Palteozoic and older rocks, together with debris 
from the Jurassic and Cretaceous formations. Traced northwards between the plain 
of the Tagus and the sorras that lie to the west, the conglomerates are found to be 
associated mth fresh-water limestones.’^ 

Vienna Basin. ^ — This area contains a typical series of Tertiary deposits, sometimes 
classed together as “ Neogene.” At the bottom lies an inconstant gi’oup of marls and 
sandstones (Aquitaniau stage), containing occasional seams of brown-coal and fresh- wuter 
beds, but with intercalations of marine strata. The marine layers contain Potamides 
j)Hcatus, Cerithiiim maoyaritaeeum, kc. The brackish and fresh-water bands yield Melania 
EsiHieri and Cyreiia Ugnitaria. Among the vertebrates are Mastodon angitstidens, M. 
tajnroides, Rhimceros sansanicmiSj Aonphicyon intennedi'os, AncJvitlieriwin aurelianmsei 
and numerous turtles. These strata have suffered from the upheaval of the Alps, and 
may be seen sometimes standing on end. It is interesting also to observe that the 
subterranean movements east of the Alps culminated in the outpouring of enormous 
sheets ^f trachyte, andesite, propylite, t^nd basalt in Hungary and along the flanks of 
the Carpathian chain into Transylvania. The volcanic action appears to have begun 
during the Aquitanian stage, but continued into later time. Further curious changes 
in physical geogi'aphy are revealed by the other “ Neogene ” deposits of south-eastern 
Europe. Thus in Croatia, the Miocene marls, with their abundant land-plants, insects, 
&ic., contain two beds of sulphur (the upper 4 to 16 inches thick, the under 10 to 16 
inches), which liave been worked at lladoboj. At Hrastreigg, Buchberg, and elsewhere, 
coal is worked in the Aquitanian stage in a bed sometimes 65 feet tliick. In Ti*an- 
sylvania, and along the base of the Carpathian Mountains, extensive masses of rock-salt 
and gypsum are interatratiliod in the “Neogene’* formations. 

• Italy. — In the north of Italy strata assigned to the Oligocene scries are developed 
to the almost incredible estimated thickness of nearly 12,000 feet. They dovetail 
regularly with the Eocene below and the Miocene above, and are thus grouped by 
Professor Sacco in the central part of the northern Apennines : — 


Aquitanian Stage. 
1000 nieti*es 


'A great thickness of grey and yellowish sanils and occasional 
greyish marls, the marly character increasing northwards aud 
eastwards. In this stiige are included the lignites of Cadibona, 
also the marls of Chiav6n, Vicoiitiuo, from which a large 
assemblage of fossils has been obtained, particulaidy re- 
markable for the number of Chondropterygeau and Teleosteau 
^ fishes, of which some 60 species have been described. 


^*600 sandy aud friable. 


"A vast series of ‘:n"dy n'.nrls sands, conglomerates, and lenticles 
of lignite, v.i:Ii immmulites (AT. intmnedius, N* 

Tongrian Stage. F. striata)^ Oi'bitoides, fresh-water, brackish, and 

2000 metres. ' marine shells * (Ampxdlim crassatina^ Potamides, Qyrena cou- 

&c.), xintlimcotlierium nagmm-, &c. Sometimes with 
. greyish violet marls. 


^ P. Cholfat, ‘ Aper 9 ii de la Geologic du Portugal,’ Lisbon, 1900. 

2 Sueip, ‘Der Boden von Wien,’ 1860. Th. Fuchs, ‘ BrlSuterungen zur Geol. Karte der 
XJmgebungeu Wiens,’ 1873 ; and papers in Z. D. Q, U, 1877 (p. 663) ; Jahrh UeoL - 
Reichsamt, vols. xviii, st soq. Von Hauer’s ‘Geologie.’ E. Tietze, Z* JX O, G, xxxvi. 
(1884), pp. 68-121 ; xxxviii. (1886), pp. 26-138. 

® On the lamellibranchs of this stage in Liguria, see G. Rovereto, AW. Soc. Ligmtica, ScL 
Hat, Genoa, viii.-ix. (1897-98). 
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Sestian Stage. / A thin band of sandy marls -with yiimmnlitcs Fiditeli, F'. rctscus^ 

20 metres. \ F. Boucheri, Orhitoides, Heterostegina^ &c. 

Faxoe Islands, Iceland. — ^The older Tertiary basalt-plateaux, so well displayed in the 
north-west of Britain, are repeated in the Faroe Islands and in Iceland, where, as in 
Ireland and Scotland, they comprise intercalated shales and lignites (p. 345). In the 
island of Suderd (Faroes) the lignite is well developed, and has been worked between the 
great sheets of basalt. On the east side of the island the following upward succession of 
deposits may be seen ; — (1) upper surface of a basalt lava ; (2) pale clays and dark shales, 
20 feet ; (3) pale clays Avith plant remains, 8 feet ; (4) coal, here only six inches thick, 
but increasing inland ; (5) volcanic mudstone, 12 feet ; (6) green granular basalt-tuff 
and mudstone, 3 feet ; (7) Volcanic mudstone with concretions and pieces of fossil wood ; 
(S) amygdaloidal basalt-lava.^ In north-western Iceland similar seams of coal or 
lignite intersti’atified among the Tertiary basalts have long been known as “Surtar- 
brand.” A number of distinct hoiizons of these land surfaces have been observed and 
sometimes, as at Trdllatunga, within the same hand of intercalated clays and tufis, 
several seams of coal succeed each other. Occasionally also tree trunks are found 
enclosed in the basalt, like that of Gribon in Mull already described (p. 759).^ 

North America. — The Vicksburg beds, referred to on p. 1242, are not overlain con- 
formably by any further deposits of older Tertiary age. The next succeeding deposits 
referred to the Miocene series rest more or less trangressively on the Eocene formations. 
There is thus a gap in the series, represented elsewhere by Oligocone strata. On the 
Pacific slope the Tejon series (];>. 1244) is followed in north-western Oregon by strata 
which are considered to be Oligocene. They contain Atwria aiiguslata^ DoHum 
pdromm^ Ritmlla simjitlcx, Never ita gldboaa, Niicula truMata^ Solen parallelus^ Mya 
yraecisa^ Ac.*** JMuch more impoi*tant, however, are the fresh-w^ater formations which 
cover a vast area in the interior of the continent, overlie the Eocene series, and have 
been refeiTed to Oligocene time. These deposits, knowui as the White River series, 
cover e.xtensive ti*aots in the north-east of Colorado, in Nebraska, in south and north 
Dakota, and among the Cypress Hills in the North-west Territories of Canada. They 
haveatliickness of about 800 feet, and are separable into three groups, each characterised 
by special mammals as under : — 

3. Protoceras beds, containing Steneojiber, Protapirus^ Acenitherium^ Jlyopotamua, 
Elotheriuirif Ejporeodo7bf Leptamliania B,ml •.*' P.y.f- ■ 

2. Oreodon beds, of which characteristic fossils are some •!.. ’.‘.o /f'-' /.■; : : le 

rodents Isdiyromys, Schii'VSj Oy77ino}>tyGhu8, Kumys : ’■.* \!\-o i'l- ■ //■!.# .* 

the carnivores Dajplitenoa {Avijphicyon\ Cynodictis, JMnirtin, 

If {Drejxitwdon) the primitive horse {AnMtheriHm\ 

.. Pi'otapiniSf Ryracodon, a nmnber of forms of rhinoceros 
AceratJieHum), AgriocJioenia, (several species); the 

<-:n:iol.*. and ProtoineryXj Zejptoin&ryx, Ryperircugulus^ Ri/pisodm^ 

&c. 

1. Titanotherium beds, especially distinguished by the presence of the various 
Titanotherids, but containing also LeptaceratTienuin, Aceratliei'iuint Elotherimn^ 
and Agriochoenis, 

The lacustrine deposits of Florissant in the South Pai*k of Colorado, above cited 
(p. 1248), were probably coeval with some of these groups. 

Australasia. — In Victoria, where rooks regarded as of Teriiary age cover nearly half 
of the colony, it is possible that a separation of part of them as Oligocene may yet be 
made. The older marine series consists principally of blue or grey clays with septarian 
nodules, rich in fossils, among which gigantic forms of volutes and coCries are 

^ A. G., Q.\L O. /S. lii. (1896), p. 340 ; also F. Johnstrup, * Om Kullagene paa Pseroeme,* 
K. D. Vid, SelMb, Forhandl. Copenhagen, 1873. 

^ Th. Thoroddseu, GcoL FVren* Stockholm, xvih. (1896), p. 114. 

» J. S. DUler, Vltli Ann, Rep, V,S. Q, 8, 1896, p. 24. 
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conspicuous. Later than these deposits are those referred to under the Miocene section 
{postca, p. 1274). 

Ill New Zealand the Oamam series of Captain Hutton (p. 1246) is considered by him 
to be of Oligocene age,^ and to comprise the oldest Tertiary rocks in the colony. The 
most prominent member is a polyzoan limestone found in patches all round the island, 
which it seems to have encircled. It is chiefly made up of fragments of polyzoa and 
other organisms, and among its fossils (upwaids of 80 species) are species of Waldlmmia^ 
Tercbratiilaf TerebratcUa^ BhynchoiicUa, Pecleii, Lima, Limopsis, Orassatella, PampiBa, 
Mitra, Valuta, Marginclla, Cylichna, likewise remains of zeuglocloiit whales (KeJcen^m), 
true cetaceans {Squalodon), huge sharks (Oareharodun), rays ( Trygoii, Mylidbatis) and the 
Nautilus Atuvia australis. At the base of the Oamain series tachylytes and other basic 
volcanic rocks are interstratified with the marine sediments. 


Section iii. Miocene. 

§ 1. General Characters. 

The European Miocene deposits reveal great changes in the geography 
of th® Continent as compared with its condition in earlier Tertiary time. 
So far as yet known, Britain and northern Europe generally, save an area 
over the site of Schleswig-Holstein and Friesland, were land during the 
Miocene period j but a shallow sea extended towards the south-east and 
south, covering the lowlands of Belgium and the basin of the Loire. The 
Gulf of Gascony then swept inland over the wide plains of the Garonne, 
perhaps even connecting the Atlantic with the Mediterranean by a strait 
running along the northern flank of the Pyrenees. The sea washed the 
northern base of the now uplifted Alps, sending, as in Oligocene time, a 
long arm into the valley of the Rhine as far as the site of Mainz, which 
then probably stood at the upper end, the valley draining southward 
instead of northward. The gradual conversion of salt into brackish and 
fresh water at the head of this inlet took place in Miocene time. From 
the Miocene firth of the Rhine, a sea-strait ran eastwards, between the 
base of the Alps and the lino of the Danube, filling up the broad basin of 
Vienna, sending thence an arm northwards through Moravia, and spread- 
ing far and wide among the islands of south-eastern Europe, over the 
regions where now the Black Sea and Caspian basins remain as the last 
relics of this Tertiary extension of the ocean across southern Europe. 
The Mediterranean also still presented a far larger area than it now 
possesses, for it covered much of the present lowlands and foot-hills along 
its northern border, and some of its important islands had not yet appeared 
or had not acquired their present dimensions. . 

Among the revolutions of the time not the least important in the 
geography of the Old AVorld was the continuance and completion of the 
movements by which the Eocene strata of the great meridional mountain 
chain had been so convoluted and ovei-tbrown. That vast chain, extend- 
ing froift the Alps into Asia, received its final plication and uplift in the 

^ lu this series he includes the Ototara and Mawliera series of Hector’s “Cretaceo- 
Tertiary formation,” as well as his “Upper Eocene formation,” /. (L S, xll, pp. 266, 
475 ; Trans, New Zead, Inst, xx. p. 261 ; rsxii. (1899), p. 169. 
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Miocene period. One of the results of these terrestrial movements was 
the restoration and extension of the wide lake or chain of lakes, over the 
northern or molasse region of Switzerland, in which the red Oligocene 
molasse had been deposited. The lacustrine deposits accumulated there 
have preserved vuth remarkable fulness a record of the terrestrial flora 
and fauna of the time. 

In the New World the physiographical changes were less pronounced. 
On the Atlantic border the sea margin continued to run not far from 
the older Tertiary shore-line. The low lands from New Jersey to 
Florida around the Gulf and up the narrowed Mississippi inlet were sub- 
merged, and subsequent elevation has only revealed the mere margin of 
the deposits then laid down, the main portion being still under water. 
On the Pacific slope the sea had retreated, owing to an elevation of the 
Eocene tracts in California, but it eventually once more encroached on 




a, Li(iuidam'bar europeeum, Braun. (§) ; Cinnamomum Buchi, Heer (§). 


the land and surrounded the long ridge of the Coast Range, depositing 
fossiliferous sediments which are found far northward into British 
territory. In the interior the regime of subaerial and lacustrine 
sedimentation continued, and vast accumulations, partly of volcanic ashes, 
gathered in a succession of extensive basins. Volcanic eruptions appear 
to have taken place on a great scale over a large area of the Western 
States. 

The flora of the Miocene period (Figs. 472, 473) indicates a 
somewhat subtropical climate in the earlier part of the period in Europe, 
certain of its plants having their nearest modem representatives in India 
and Australia.^ Among the more characteristic genera are Sabal, Plmnir 
dtes, Lihocednis, Sequoia^ Myrica, Qtmxus, Ficus, Laurus, Oinnamomwm, 
Daphne, Per&oonia, Eanksia, Dryandra, Cissus, Magnolia, Acet-, Ilex, Ithamnus, 
Juglans, Rhus, MyrHs, Mimosa, and Acacia. But the climate, if Ve may 
judge from the character of the flora, became less warm as the period 
advanced. As the palfiis disappeared there came a flora of more 

^ Beer, ‘Urwelt der Scliweiz’ ; ‘Flora Fossilis Helvetise.’ 
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temperate and especially North American type, including an increasing 
proportion of deciduous trees, and a marked augmentation of the gi’asses, 
favourable for the evolution of deer in the North and antelope in the 
South.^ Among the more frequent plants of this later time are species 
of Glyptostrohis, Betula, Populits, Carjnniis, Ulmus, Fersea, Ile.v, Podogonium^ 
and Potamogeton.'^ 

The fauna points to somewhat similar climatal conditions in Europe. 
There occur such molluscan genei-a as AncUla, B-uccinuniy CanceUariii, 
Gassis, Cmthiu7n, Comis^ Cyprm^ Mitm^ Pleurotoma, Potainides, 

Pyrula^ Strmhus, Tereh'a, Valuta^ Arca^ Ctwdita^ Cm'diwn, Mei'etrix.^ Oongma, 
Didacna, Lima, Lucina, Mactm, Ostrea, Panopm, Pecten, Pectunculus, 
Spondylus, Taj^es, Tellina, <fcc. (Fig. 474). The mammalian forms present 



Fig. 4^3.— Mioceiui Plants. 

cf, Magnolia Inglelleldi (j^) ; b, Hhns Meriani (iint. size). 
c, Ficus clucandolloatm (1) ; ff, QucrcuH ilicoidos (g). 




many points of contrast with those of the older Tertiary periods. Hugo 
proboscideans now take a foremost place. Among the more important 
generic typos of the fauna are the colossal Mastodm (Fig. 475) and 
Di^iothmum (Pig. 476), the latter having tusks curving downwards from 
the lower jaw. With these are associated Rhinomos, of which a hornless 
and a feebly horned species have been noted ; AnchitJimwn, a small horse- 
like animal, about as big as a sheep, surviving from earlier Tertiary time; 
Macrothenim, a huge ant-eater; Diat'oc&t'os, a deer allied to the living 
muntjak of Eastern Asia ; HyotJierinm,, an animal nearly related to the 
hog. A number of living genera likewise made their entry upon the 
scene, swih as the hog, otter, antelope, beaver, and cat. Some of the 
most foimidable animals were the sabre-toothed tigers (Machasrodus), and 


^ H. r. Osborn, Ann, Tor^ Acad. Sd. xiii. (1900), p. 26. 
® Saporta, ‘ Monde des Plantes,’ p. 27^. 
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the earliest form of bear {Hysenardos), The Miocene forests were also 
tenanted by apes, of which several genera have been detected. Of these 



e d 

Fig. 474.— Miocene Mollusks. 

a, Panopiea Faujasii, Men. de la Groye (^) ; Pectunculus Deshayesi, Mayer ( 3 ) ; c, Cai*dita 
toronica, Ivol. and Peyrot ; <?, Tapes gregnria, Partscli. (jj). 


Pliopifliecus was probably allied to the anthropoid apes ; Dryopitheciis (Fig. 
477) was considered by Owen to be allied to the living gibbons, but Gaudry 
regards it as an anthropoid form, and as the only one yet found fossil 



Fig. 476— Mastodon angnatideuH, Owen. 

Reduced from restoration l)y M. Gaudry.i 

which can be compared with man ; ^ Oreopithecus is supposed to have had 
affinities with the anthropoid apes, macaques, and baboons.^ ^ 

^ For a restoration of AT. americamcs, see Marsh, 4wer, Joum. 8ct. xliv. (1892). 

® Mm. Snc. (UoL France (3), i. fasc. L (1890). 

® Gaudry, ‘ Les Enchcdnemeuts,’ p. 806 ; Boyd Dawkins, ‘ Early Man in Britain,' p. 67. 
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From the Miocene fresh- water deposits of the interior of the 
United States large additions have been made to our knowledge 
of the mammals of this period. The Oligocene Titanotheres, Amy- 
nodons and Hyracodons had died out before the beginning of Miocene 
time, and were succeeded by new types. Conspicuous among these 
were the Dkeratherium or two-horned rhinoceros, a number of species of 



Kig. 470.--I)iiiotlieriumglgaiit6iini, Kaxip., reduced. 


the rhinoceros Aplielops, the earliest mastodons, and new forms of equidae 
{Protohiii]jm^ lUjrpmion), There were likewise newrodents, edentates, camels, 
lamas, and deer. The piimitive carnivores (creodoiits) now died out and 
gave place to modern forms; the oreodons, hornless rhinoceroses, 
hyaenodons, elotheres, Hyopotanms^ and Ohalicothmwn likewise became 
extinct.^ 



rig. 477.-7Jaw of Dryoplthooua Fontaxii, Qaudry (g). 


Considerable uncertainty must be admitted to rest upon the correla- 
tion of the later Tertiary deposits in different parts Europe. In many 
cases, their stratigraphical relations are too obscure to furnish any clue, 
and thetf identification has therefore to be made by means of fossil 
evidence. But this evidence is occasionally contradictory. For example, 
the remarkable mammalian fauna described by M, Gaudry from Pikermi 

^ H. F. Osborn, “ Rise of the Mammalia in North America,” Amer, Assoc, 1898. 

VOL. II 2 0 
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in Attica {'postea^^. 1294) lias so many points of connection with the 
recogaised Miocene fauna of other European localities, that this observer 
classed it also as IMiocene. He has pointed out, however, that in a shell- 
bearing bed underlying the ossiferous deposit of Pikermi some character- 
istic Pliocene species of marine mollusca occur. Eemembering how 
deceptive sometimes is the chronological evidence of terrestrial faunas 
and floras {ante^ pp. 832, 839, 848), we may here take marine shells as 
our guide, and place the Pikermi beds in the Pliocene series, a position 
which is likewise assigned to them, on the ground of their mammalian 
contents, by a number of able palceontologists. 


2, Local Development. 

France. — ^Tinie Miocene deposits are not known to occur in Britain. In France, 
however, a tolerably full representation of these formations has been preserved. The 
oldest portion of them consists of sands and gravels which replace the lacustrine 
accumulations of the Oligocene lakes, and have entombed the remains of ma^y of the 
mammals of the time. Of later age than these deposits there is found in the district 
of Toui'aine, traversed by the rivers Loire, Indre, and Cher, a group of shelly sands 
and marls, which, as far back as 1833, was selected by Lyell as the type of his Miocene 
subdivision. These strata occur in widely extended but isolated patches, rarely more 
than 50 feet thick, and are known as “Faluns,” having long been used as a fertilising 
material for spreading over the soil. They present the characters of littoral and shallow-^ 
water maiine deposits, consisting sometimes of a kind of coarse breccia of shells, 
shell-fi'agments, corals, polyzoa, &o., occasionally mixed with quartz-sand, and now and 
then passing into a more compact calcareous mass or even into limestone. Along a line 
that may have been near the coast-line of the period, a few land and fresh-water shells, 
together -with bones of teixestiial mammals, are found, but, with these exceptions, the 
fauna is throughout marine. This fauna includes abundant coi’als and numerous 
mollusks, together with the bones of marine mammalia. Its general character serves 
to show that the temperature of the sea and no doubt also the land-climate of this 
region were still considerably warmer than those of the south of France to-day. 

In the region of Bordeaux and the plains of the Garonne southward to the base of the 
Pyrenees, a large ai'ea is overepread with' Oligocene deposits, equivalents of some of the 
younger Tertiary series of the Paris basin. Above these fresh- water and marine beds 
lie patches of faluns like those of Touraine, containing a similar but somewhat older 
assemblage of marine fossils. Other marine deposits of Miocene age are found running 
up the valley of the Bhone. But in the south and south-east of France the Miocene 
stota are mainly of lacustrine origin, sometimes attaining a thickness of 1000 feet, as 
in the important series of limestones and marls of Sansan and SimoiTe. 

As the result of a comparison of the organic remains obtained from the broad tracts 
of the marine faluns of Touraine, and of the other districts of France where similar 
accumulations are found, and from the fresh- water deposits of the western, central, and 
south-eastern ragions of the country, the French Miocene formations have been grouped 
into the subdivisions shown in descending order in the subjoined table : — 

Tortouian (so called from Tortona in North Italy), comprising nodular marls with 
jffeZiau twronenm (molasse of Anjou) ; in Aquitania a marine molasi^ with 
Ostrea croBaissima and Pecten solarium ; in Provence sands and sandstones 
with Ostrea arassissma^ molasse with Cardita JowtmpM (Cabrita-es, Oucuron) 
and other deposits, which extend up *ho va^loy of thu and have filled up 

fissures in the Jurassic limestones. O. ili- -o the best known is 

' that -of Grive St. Alban,- between Lyons and Grenoble, which has yielded 63 
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species of mammals. The Tortoiiiaii stage indicates a general recession of the 
sea and the spread of lacustrine areas, especially over the region, between the 
valleys of the Rhone and the Danube, these areas being those in which the 
uppermost Miocene deposits of Switzerland were laid down. 

Helvetian (named from its development in Switzerland) is well represented in the 
Paris basin by the faluns of Touraine above mentioned. These deposits have 
yielded numerous corals and upwards of 800 species of mollusks, of which the 
lollowing are characteristic, Pholaa Dvjardiiii, Venus dathrata^ Ostrea crassissima, 
Pect&th striutvs, Cardium tuTonicutn^ Cardita affinis, Trodins incrasseduSi 
Oerithiwii intradentatuTn, Timitella Lhiruvi, T. bicarhiata, Plenrottmct 
tvhercidosa^ with si)eciea of Gjfjyftbti, Conu-s^ Murecc, Oliva^ AncilUiy and 
Fasciolaria, This assemblage of shells indicates a warmer climate than that of 
Southern Europe at the present time. The associated mammalian bones include 
the genera Jfftfiioifoyi, Rhinoceros, Rippopotamis, Chm-ropotainns, deer, &c., and 
extinct marine forms allied to the morse, sea-covr, and dolphin. Similar faluns, 
rather later in age, are found in Anjou, Maine, Brittany, and the Cotentin, 
Farther south in the Armagnac (Aquitania) marine were replaced by lacustrine 
conditions, and a mass of variegated marls and calcareous sandstones accumu- 
lated to a depth of about 1000 feet. These strata (Calcaires de Sansan et de 
Simorre) have acquired ^eat celebrity from the abundance and variety of their 
mammalian fauna, which includes Hyotherkm, antelope, beaver, vole, Bysenwretos, 
Maclift-rodus, cat, Dryopithecus, &c. 

LaAghian (fr©m Langhe, Italy) or Burdigalian (from Bordeaux) represented in 
the Paris basin by the Sables de TOrloanais, de la Sologne and de TEure. 
These fluviatile accumulations are 'ntereefing from the terrestrial 

fauna preserved in them, which is , ! : h - /;•'../. i, yigaTiteum, Mcbstodou 
angnstidens, M, htidruldtri, J/. pyrenaicx's. Rhinoceros Uddeiet'madim, R 
samaniensis, R. hivntyinis, Anchitherium aureliancme, Authraeotherium 
miofidemn, Amphicfyon yiganteus, Machturodus Cfnltridens, Belladotherium 
Dxmmoyi, JJiorocems ehgans, and several apes and monkeys {Plioyithecus, 
Ih'yopiOiccus), As Professor Gaudry has observed, we have here evidence of the 
commencement of the reign of • d In Aquitania the deposits 

of this stage are marine ana consist oi faluns lyiiicclly diisplaycd around 
Bordeaux. Among their fossils are Clypeaster wnrgiH'// ns. a, hifuidvs [/.ycophns) 
lentieidaris, Curdium htrd'igcdinum, Pecten bitrdiyidrnsis, Ludna cohimhella, 
Oliva plicanci, with teeth of sharks aud bones ol‘ dolpiiiiK. The sea at this 
period stretched across Provence, ascended the valley of the Rhone and swept 
round the west end of the Alps, leaving behind as its record a series of con- 
glomerates and sandy and marly deposits with characteristic shells. Tliesc 
strata have since been folded and faulted in the great movements of upheaval 
which gave its final form to the Alpine chain. 

Belgium.— In tliis country, the upper Oligoceno strata of Germany are absent. 
In the neighbourhood of Antwerp cei*tain black, grey, or gi’eenisli glauconitic sands 
(“Black Crag,” Bolderian, and Anvevsian) present palceontological characters which were 
at one time supposed to indicate a mingling of Miocene and Pliocene forms. These 
deposits were accordingly termed by some geologists Mio-pliocene. They consist of 
gravelly sands at the base, containing cetacean bones {Beterocetus), fish-'tooth, Ostrea 
na/oimlaris, Pectm OaiUavdi, &Ck They are followed by sands with Ped/umulm 
PesJbayeai {pilostis), and these by sands with Panopssa M&nardL More recent research 
lias shown that the lower part of the series of deposits is Miocene,^ and is separated 
by a break and erosion-lino from the superincumbent Diestian gi-oup, which is referable 
to the Pliocene series. 

Germany. — Certain deposits of dark clay and sand which spread over parts of the 
north-west of Germany, and contain Qomvs IhiQwrdvni, Q. aiUedihmanus, Eusus fesHvus, 
Isocardia Pedmimlm Deshayod (piloeit^), Idnwpsis aurita, &c., ai*e refeiied to the 
Miocene formations. These are doubtless a prolongation of the Belgian series. Else- 
where the deposits referable to this geological period are lacustrine or fluviatile in origin, 
aud are especially marked by the occfurreuce in them of brown-coals which are worked. 

^ E. Van den Broeck, Ann. Soc. Mctlac, JSelg. xix. (1884). 
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Ie the Mainz Tertiary basin an important series of marine, brackish, and fresh- water 
deposits occui’s, which has been arranged by Fridolin Sandherger as follows — 

Pliocene — 

Uppermost brown-coal. 

Bone-sand of Eppelsheim (Dinotherium-sand), see p. 1293. 

Miocene — 

Clay, sand, &c., with leaves. Browm-coal of the Wettemu and Vogelaberg. 

Limestone with Bydrohia (icuta^ Hdxx moguntina^ Plarmhia^ Brdssmsiu^ &c. 

Corbicula beds -with Gorhktda. FavjadU Bydrohia infiata^ H. acuta. 

Cexithinm limestone and land-snail limestone. 

Sandstone with leaves Sahal^ Quercus, VVnms). 

Oligocene (see p. 1257). 

The lower Miocene beds of this area present much local variation, some being full of 
terrestrial plants, some containing fresh-water, and others brackish-water and marine 
shells, indicating the final shoaling of the Oligocene Qord which ran down the upper 
valley of the Khine as far as Mainz. Among the plants are species of Quefrcxis^ XJlmus, 
Myrica, Sahaly &c. The laud-snail limestone contains numerous 
species of and Pupa^ with Cydostoma and Planorhis. The CeHtliium limestone 
contains marine or estuarine shells, as Pmia, i/ 2 /<iZwa, Cerithmm {C. Bahtii, Potamides 
plicatua), Kerita. Among the various strata, bones of some of the terrestrial /fpammals 
of the lime occur {Omiotheriumy Pala&om&ryx). The Litorinella limestone, the most 
extensive bed in the series, is composed of limestone, mail, and shale, sometimes made 
up of Hydrohia in other places of Dreiss&iiisia Brardiy or Mytilua FaujasvL 

Abundant land and fresh- water shells also occur. Of greater interest are the mammalian 
remains, which include those of DinothmHtm giganteumy Palmo'imt'yXy GmioilieHurtiy 
Bhmoc&roa indaimay Hipparion {HippoiJverium) and Cervua. The flora of the higher 
parts of this Miocene series includes several species of oak and beech, also varieties of 
evergreen oak, magnolia, acacia^ styrax, fig, vine, cypress, and palm. 

Yiezuia Basin. ^—Overlying the Aquitanian stage (p. 1259), where that is present, in 
other cases resting unconformably upon older Tertiaiy rocks, come the younger Tertiary 
or Keogene deposits of the Yienna basin— a large area comprising the vast depression 
between the foot of the eastern Alps near Yienna, the base of the plateaux of Bohemia 
and Moravia, and the western slopes of the Carpathians. This tract communicated 
with the open Miocene sea by various openings in different directions. Its Miocene 
deposits are composed of two chief divisions or stages as follows, in descending order : — 

Sarmatian or Cerithium Stage. — Sandstones passing into sandy limestones 
and clays, or Tegel ” (the local name for a calcareous clay). The following 
subdivisions occur around Yienna : — 

Upper Sarmatian Tegel, or Muscheltegel— distinguishable from the HemaJs 
Tegel below by an abundance of shells {Tapea gregaria (Fig. 474), Erdliay 
Oardiuniy &c,), 295 feet. 

Cerithium-sand— a yellow, abundantly shell-bearing, quartz-sand— the main 
source of water supply at Vienna, where it is sometimes nearly 600 feet thick. 

It yields Cerithium pktumy Q. ruhigimautriy Q. di^unctmiy Murex aublavatuay 
Bucdnum duplicatumy Tapea gregariay Maatra podolicoy JErvUia poddicOy 
Cardium dbaoletumy &c. 

Hemals Tegel— sand and gravel, withiZissoa angulata, Cerithium^ Vv&iparuay 
remains of seals {Plwca vinddboneuaia) turtles, fishes and land plants. 

The Sarmatian stage is characterised by the prodigious number of individuals 
of a comparatively small number (scarcely 50) of species of shells. The 

1 ‘ Untersuchungen uber das Mainzer Tertiaihecken,* 1853 ; ‘ Die ConchyHen des Mainzer 

Tertiarbeckens,’ 1863, ” 

2 T. Fuchs, Z. D. G. G. 1877, p. 653 ; Homes and Partsch, ‘Die Fossil. Mollusken 
Tertihr. Beckens,* Wien, 1851-70 ; Ettingshausen, ‘Die Tertifirfloren d.Oesterr. Monarchie,* 
1851 ; Von Hauer’s ‘Geologic,’ p. 660; F. Toula, ‘Lehrbuch der Geologie,’ 1900 pp 811- 
817. 
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general character of the fauna is that of a temperate climate, and is strongly 
contrasted with that of the Mediterranean stage in the absence of the affinities 
with tropical or sub-tropical forms, and even with thoseof M 

and on the other hand in some curious analogies wit : i " :• j c 

Black Sea. Corals, echinodemis, bryozoa, foraminifera are absent or very rare, and 
the suggestion has been made that the change of the earlier Mediterranean fauna 
into that of the Sarmatian stage points to a gi*adual diminution of the salinity of 
the waters of the Vienna basin, as has happened with the existing Black Sea. 
The terrestrial flora is characterised by some plants that survived from the earlier 
or Mediterranean stage ; but palms are entirely absent, and the American element 
in the flora is no longer surpassed by the preponderance of Asiatic types. 

Mediterranean or Marine Stage. — \ group of strata varying greatly from 
place to place in iiL‘Lio'_o‘ii;iiiical » liaraoti r-. with correspondmg differences in fossil 
contents. It has been divided into two sections, in descending order, as 
follows ; — 

(2) Second substage, widely spread over the Vienna basin and extending into 
the Pannonian region, yielding more than 1000 species of fossils and pi-L'^c’iiiiiig 
various phases of sedimentation. Among these phases the more important are : — 

Leithakalk, a limestone often entirely conrnosed of organisms. In some places it 
mainly consists of calcareous algse (Nulliporeiiica’ik, Lithothamnienkalk) ; else- 
where of reef-building corals (Korallenkalk), while certain soft varieties are largely 
made up of bryoz'oa (Bryozoenkalk). The layers of limestone are often 
^parated by bands of tender marls full of foraminifera {AoiipMstegina Emierii 
&c.). The limestone is rich in lamellibranchs {Ostrea digiialina, 0. et'assisswuii 
Pecten aduncus^ Pectunmlus Deshayesi (pilosus), Venus umhonariat V. multi- 
la.meUa^ Oanlitiu Cardium^ Spondylus^ &c.), gasteropoda {AncUla^ Ceriihium, 
Oypi'iiia, Stmmhis, Turritdla), with echini (large clypeasters), fish-teeth 
{Omxha/rodi^n, JUimtiaf &c.) and bones of mammals. Along the margin of the 
basin the limestone passes into sandy and conglomeratic deposits (Leitha- 
conglomerate or schotter) which contain large oysters, PectunmluSt Pecten, and 
abundant specimens of Qlyxmster, 

Neudorf Sands — coarse sands with Ostrea digitcdim, Panopsea Mmwrdi, Anamict, 
Pcotoi, Pinna, Gao^dita, Timitella, Cmvus and numerous fish-teeth. 

Pdtzleinsdorf Sands — fine yellow sands with Tellina Liicina cohmhella, 

T’wmw umlotvaria, Meretrix, Turritdla. 

Marl of Gainfahren, and Grinzing — sandy marls with about 300 species, especially 
of lamellibranchs and gasteropods. 

Baden Tegel — a fine blue plastic day, abundantly fossiliferous. Species of 
Pleurotmna (P. P. p, LamarrM) are so (‘onspieuous that the 

deposit is know a- •■v P!\- Other ga-nturoixid- arc Ih'itiohihn 
hakense, Ancilla [•' /■•'V"-.-. Cassis scfh'ivron, Jb’usus Irngirostins, Natica 
heUidna, Ringwula /••■■■■•# i-", * -f, Mitra, &c. Among the lamellibranchs are 

Gorbula gitiba and Pecten cristatm, 

Grund Beds — Highly fossiliferous marine marls which spread into Moravia. They 
contain a commiiigliug of the forms found in this and the underlying substage, 
including ThirriMa catiwdralis, T, licarinata, Pynda ruMUa, Murex 
atHiHiinlcv.'i, Conus vmtricosns, AncUla glandifonnis, Mytilus JIauUngeri, 
Ostrea cmssissimi, Pectmi (uluncics, Venus multdameUa, At the base of the 
second substage lie the lignitlferous beds of Mauer, near Vienna, and other places, 
containing OerOhium lignitanm and Ostrea, erassissima, 

(1) First substage, presenting a number of lithological and palaeontological 
types, which are believed to have been on the whole of contemporaneous origin. 
Among these the following may be mentioned : — 

Molt beds — with Oerithiuni inargarUaceum, 0. plicatuTn, MyUlus HcBiding&r% &c. 

Sands of Loibersdorf {Pect&n solarimi, Oardmm KVhecki, Pestunadus FicMeli, 
Ostrea crassissima, 0. digitalina, Cm'hula gibba, MytUus Paiding&n, &c. 

Tellina-sand with Tettina planata. Solan vagim, Phamis legurnian, Turritdla 
catJiedralis, 

Coars^ sands of Fggcnbnrg and sandy bryozoan limestone, with numerous valves 
of Pect&n and Ostrco, aNo Bryozoa, Balani, &c. 

Schlier— a grey clay, sometimes laminated, sometimes plastic (Marl, Tegel) which 
has a wide extension in the Vienna basin, from the border of Bavaria eastwards 
to Wallachia. It is usually highly fossiliferous containing abundant foraminifera, 
sea-urchins (B't'issopsis ottnmgmsis), pteropods, lamellibran<dis {Pecten 
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deaudafiis, Solenomya Loderleini) and gasteropods, witli some cephalopoda, 
particularly Aturm Atu)\ and fishes {Mdetta), 

Switzerland. — Immediately succeeding the strata described on p. 1258, as referable 
to the Oligocene series, come the following groups in descending order : — 

Upper fresh-Tvater Molasse and brown-coal (Oeningen orTortonian stage), consisting 
of sandstones, marls, and limestones, irith a few lignite-seams and fresh -water 
shells, and including towards the top the remarkable group of plant- and insect- 
bearing beds of Oeningen.^ 

Upper marine or St Gall Molasse (Helvetian stage) — sandstones and calcareous 
conglomerates, with 37 per cent of living species of shells, which are to be 
found partly in the Mediterranean, and partly in tropical seas : Pectuwnilm 
Deshayesi {pilosits), Pampsea Menardi, CcordUa Jouanmti, Coniis vmtricosus, &c. 

Lower fresh-water or Grey Molasse (Lhangian stage, Mayenciar. B"rdiffai'*p.nV — 
sandstones with abundant remains of terrestrial vegetation, and i: : ‘i";* g an 
intercalated marine band with Centluioji lignitarium^ Murex plicatus, Vcnn^ 
clathrata^ Oatrea craaaisaitna, &c. 

The lower Miocene beds (1st Mediterranean stage of Suess) in the BMe district 
consist of grey sands and sandstones, at the base about 40 metres thick, and containing 
land-plants {Alnibs, (EnTuiTnomum). These are surmounted by fresh- water limestones, 
gypsum, and chert, which attain a thickness of 180 metres, and enclose such sjjells as 
Selisa rugulosa, Plantyrhis coriiUf P, declwiSj and remains of Cfliara, The Grey l^olasse 
of Lausanne has furnished numerous fan-pilms, laurels, figs, acacias, and water-lilies. 
In the Lucerne district an intercalation of marine strata is found in the Lower division, 
containing a large number of individuals and few species {2'rockus patvlus, Ncdica 
hurdigaleiisia. Tapes 'cetula, T helvetica^ &c.). The massive conglomerates of the Rigi 
(Kalknagelfluh and variegated or polygenetio Kagelfluh), which with their intercalated 
marls and beds of sandstone reach a thickness of 1200 to 1800 metres (8900 to 5900 feet), 
rest upon the red molasse (p. 1258) and are believed to represent the Lower and Middle 
divisions of the Miocene series, or both the first and second Mediterranean stages of 
Suess. These enormous accumulations of coarse detritus appear to have been gathered 
together along the northern front of the Alps, partly from the waste of the older rocks, 
which can still be seen, but partly also from rocks which do not now^ appear at the 
surface. The finer layers of sediment enclose remains of Sequoia LaTt^sdeyrji, 
ZUigiberites multiiierois, Rhamnus Ga'iidim, CinTiamommn Scheuchzeri, &c.® 

The St. Gall molasse is regarded as a marine facies of the second Mediterranean 
St^e or Middle Miocene of Switzerland. In the Eigi district the Upper division of the 
series is represented by marls and sandstones of lacustiine origin (Knaueimolasse) with 
ffeliXf I/iTMissa dilaiaia, Planorhis Ma7Uell% Mela/n/ia {^MdaTwides) Escheri^ TJ%io flaibel- 
together with Salix, QuercuSj Ci/aiiaw^Tvu/iftif &c. But the most noted member of 
the Upper Miocene of Switzerland is to be recognised in the group of thin bedded fresh- 
water limestones of Oeningen at the end of the Lake of Constance. From the quarries 
there, now abandoned, Heer obtained some 50 vertebrates, 826 specimens of insects, 
some 40 other invertebrates and 476 species of plants. In these strata, so gently have 
the leaves, flowers, and fruits fallen, and so well have they been preserved, we may 
actually trace the alternation of the seasons by the succession of different conditions of 
the plants. Selecting those plants which admit of comparison, Heer remarks that 131 
might be referred to a temperate, 266 to a sub-tropical, and 85 to a tropical zone. 
American types are most frequent among them ; European types stand next in 
number, followed in order of abundance by Asiatic, African, and Australian. Judging 
from the proportion of species, the total insect fauna may be presumed to J^ave been 
then richer in some respects than it now is in any part of Europe. The wood- 
beetles were specially numero us and large. Nor did the large animals of the land 

^ Heer, * Urwelt der Schweiz,* p. 453. 

® Livret Guide, Conqris Qeol, Int^aA, 1894. 
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escape preservation in the silt of the lake. We know, from bones found in the Holasse, 
that among the inhabitants of that land were species of tapir, mastodon, rhinoceros, 
and deer. The woods were haunted by musk-deer, apes, opossums, three-toed horses, 
and some of the strange, long-extinct Tertiary ruminants, akin to those of Eocene times. 
There were also frogs, toads, lizards, snakes, squin*els, hares, beavers, and a number of 
small carnivores. On the lake, the huge Dinoth&rium floated, mooring himself 
perhaps to its banks by the two strong tusks in his under jaw. The waters were like- 
wise tenanted by numerous fishes, of which 32 species have been described (all save one 
referable to existing genera), crocodiles, and eheloiiians. 

Italy.— The enormous Aquitanian stage of Liguria (p. 1259) is followed by (1) blue 
liomogeneous marine marls (of Langhe, whence the term Langhian), reaching a depth of 
nearly 2000 feet and marked by the abundance of pteropods, also Ostrea iiegleda, 
Ccmidaria vulgaris and Ataria atiiri. This Langhian or Burdigalian stage is sur- 
mounted by (2) the Helvetian stage (3280 feet), composed of three divisions : a lower (1000 
to 1300 feet) composed of shaly marls rich in Vagindla, Oleod(yra, &c. ; a middle (700 
to 750 feet) consisting of yellowish sandy molasse with bryozoa, Fectmi ventilabrmn, 
Tcrebratula mioccnica, &c. : and an upper (more than 800 feet) composed of beds of 
conglomerate and nullipores, with oysters, pectens, &c. This stage is well developed 
on the ]jill of the Superga near Turin, w’hero the lowest member is a conglomerate^ 1000 
or 1300 feet thick, containing pebbles of serpentine and numerous fossils {Om'dita 
Jomnnctit ATiclUa glaiidiforviis, and other falun species) and overlain by some 660 
foot of sandy molasse (Pectm ventilahrwm^ Gidaris avenione>i$is), which is followed by a 
conglomerate with nullipores. (3) The Tortonian stage, wMch supervenes on these strata, 
consists of about 650 feet of blue marls, forming a remarkably persistent band, and 
.noted for the profusion of its organic remains, especially of PUurotomariaf together 
with Cmtt>s aihtiqmts and other species, Trochm patiduSi Turrltdla tri^licataj FohUa 
raris^i'iva, A^idlla glamliformis^ &c,^ 

Greenland.^ — One of the most remarkable geological discoveries of modern times has 
been that of Tertiary plant-beds in North Greenland. Heer has described a flora 
extending at least up to 70® N. lat., containing 137 species, of which 16 are found also 
in the Central European Miocene basins. More than half of the plants are trees, in- 
cluding 30 species of conifers {Sequoia, Thujopsis, Salisburia, &o.), besides beeches, oaks, 
planes, poplars, maples, walnuts, limes, magnolias, and many more. These plants grew 
on the spot, for their fruits in various stages of growth have been obtained from the 
deposits. From Spitzbergon (78®66'N. lat.) 136 species of fossil plants were named 
by Heor. But the last Arctic expedition of the British Navy brought to light a bed of 
coal, black and lustrous like one of the Palaeozoic fuels, from 81® 45' N. lat. It is from 
25 to 30 feet thick, and is covered with black shales and sandstones full of land-plants. 
Among those, Heer noticed SO species, 12 of which had already been found in the Arctic 
Miocene zone. As in Spitzbergen, the conifers are most numerous (pines, firs, spruces, 
and cypresses), but there occur also the Arctic poplar, two species of birch, two of hazel, 

^ On the origin of the Miocene conglomerates of the Ligurian Apennines, see L. 
Mazzuoli, JloU. Gm.. Oenl, lUtl, 1888. This author, rejecting the glacial origin which 
Gastaldi and other writers have claimed for these enormous masses of coarse detritus, some- 
times more than 1300 feet thick, regards them as littoral deposits formed during the 
depression of the region at the end of the post-Eocene uplift. One of the most valuable 
papers on the Italian Miocene and Pliocene is by 0. Be Stefani, “Terrains Tertiaires 
Superieurs du Bassin de la Mediterrande,” Ann. Soe. GSol. Bdg. xix. (1891), pp. 201-419. 

® 0. MXyer, B. S. U. F. (3) v. p. 288 ; P. Sacco, ‘ II Bacino Terziario del Piemonte,’ 
Turhi, 1889. Miocene strata have been involved in the last Apennine plication. 

^ Heer, ‘Flora Fossilis Arctica,’ in seven vols. 1868-83; <2* ^ 1878, p. 66. 

Nordenskjold, Ceoh Mag. iii. (1876), p. 207. In this paper sections, with lists of the 
plants found in Spitzbergen, are given. 
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an elm, and a viburnum. In addition to these terrestrial trees and shrubs, the lacustrine 
waters of the time bore water-lilies, while their banks were clothed witli reeds and 
sedges. When we remember that this vegetation grew luxui*iautly within 8° 15'. of the 
North Pole, in a region which is now in darkness for half of the year, and almost 
continuously buried under snow and ice, we can realise the difficulty of the problem in 
the distribution of climate which these facts present to the geologist. 

India. — The Oligocene and Miocene deposits of Europe have not been satisfactorily 
traced in Asia. As already stated, the upper part of the massive Naii gi'oup of Sind 
may represent some part of these strata. The Nari group is succeeded in the same 
region by the Gaj group, 1000 to 1500 feet thick, chiefly composed of marine sands, 
shales, clays with gypsum, sandstones, and highly fossiliferous bands of limestone. 
The commonest fos.sils are Ostrea muUicostata, and the urahin Breynia carinata. Some 
of the species are still living, and the whole aspect of the fauna shows it to bo later than 
Eocene time. The uppermost beds are clays with gypsum, containing estuarine shells 
and forming a passage into the important Manohhar strata. The Manchhar gi'oup of 
Sind consists of clays, sandstones, and conglomerates, computed to be sometimes 10,000 
feet thick, divisible into two sections, of which the lower may possibly be Miocene, while 
the upper may represent the Pliocene Siwalik beds (p. 1297). As a whole, this massive 
group of stmta is singularly unfossiliferous, the only organisms of any importance yet 
found in it being mammalian bones, of which 22 or more species have been recognised. 
All of these occur in the lower section of the gi*oup. They include the carnivore 
Amphicym palmndicuSi three species of Mastodoii, one of Dvnwtlicriwn, two of 
BMnoceros, also one of Sus^ Chcdicotheriiim^ A^dhrcmtheriumi EyopotamuSt Ei/otJienmn, 
Dorcathermm (two), ManiSj a crocodile, a chelonian, and an ophidian.^ 

North America. — Overlying the Eocene fomations (p. 1241), and following in a^ 
general way their trend, but sometimes with a slight unconfomiability, a belt of maiine 
deposits, referred to the Miocene period, runs along the Atlantic border through the states 
of New Jersey, Delaware, Maryland, Virginia, North and South Carolina, and Gooi’gia. 
These strata are grouped as shown in the subjoined table : — 

3. Yorktown or Chesapeake beds, well developed at Yorktown, Virginia, in Mary- 
land, along the rivers and on the vrest shore of Chesapeake Bay. Among the 
characteristic fossils are Ost^'C^ percrassa, Peeten jeffersomiSf Area idoiiea, 
Pectuncidm AatarU mydAdata^ Ch'osmtella undulata-, Luema 

anodmita^ Venus cortinarea, Meretrisemarylmidica^Vomiia acetcdmla^ Pmwptm 
rqflexa, Oorhula idmiea, Tellma hiplicata, Typhis amMeosta^ Bums exUis, &c. 

2. Chipola beds, so named from their development along the Biver Chipola in 
Florida, their most fossiliferous portion being ferruginous sands which have 
yielded nearly 400 species. «tppoinlly yror. •"r'lt 'S^rmnfms 

AldricJd, Tundteda i'ndejitOf T. ,n T. ri-.'i.d" it ■ cJiipo- 
laninn), 

1. Chattahoochee beds, well displayed on Chattahoochee River in south-west Geoigia 
and north-west Florida. The fauna, which resembles that of the Miocene 
deposits of the West Indian islands and Central America, includes the species 
named by Heilprin Ortiimdaxp /'■. ■ parmlat\u% P. atvulvs, 

Ceidthhuii hillsboroense, Posim .*/• ■ ■'/•. 7 ■, ■* and others. 

Along the Pacific Coast representatives of the marine Miocene formations are like- 
wise found in California and northwards in Washington, Oregon, British Columbia, and 
Alaska. In California the so-called lone foimation, consisting of clays, sands, and 
sandstones about 1000 feet thick, is referred to the Miocene series. In the Sacramento 
valley it is surmounted by a group of volcanic tuffs called the Tuscan formation. In 
the Mount Diablo region the Miocene series consists of coarse grey sands^nos with 
Ostrea titan. In Oregon the stiata known as the Astoria shales and sandstones have a 
wide distribution on both sides of the Coast Range. They contain Toldia impressa, 


^ Medlicott and Blanford’s ‘Geology of India,’ p. 310. 
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y. Cooper Kiicida divaricata, iV. trwicata, Mactra cUharia, &c.^ The Astoria group 
of marine fossils is well developed in Alaska.^ 

As in the earlier periods of Tertiaiy time, the Miocene deposits in the interior of the 
Continent are of fresh- water origin. They are generally believed to have been deposited 
in a succession of broad lakes, and are regarded as divisible into two groups, the one 
representing the lower and the other the upper portions of the Miocene series. The 
lower is well displayed in Eastern Oregon, where it forms the John Day group, largely 
composed of volcanic tuifs, and reaching a thickness of several thousand feet. The upper 
division consists of two sub-stages, of which the older is named the Deep River sub- 
stage (160 feet), from its devolopinent on the Deep River, Montana, north of the Yellow- 
stone Park. The younger or Loup Fork (Nebraska) substage, about 400 feet thick, 
partly of lacustrine and partly of fluviatile origin, has a wide distribution, seeing that its 
representatives have been traced from Oregon into Mexico.® 

Among the characteristic mammals of the John Day group are the rodents, Sciurus 
Wortmanni, Allmnys niieiiSt hippodus^ Envtoptychm plaiuifronSf Pacicniliis loching- 
tonimm^ Lepm ennisianus^ the carnivores Paradaphsmtis (AmpMqjm) ffuspigerifs^ 
Notlwcyon {Oalccymm) lcmw\ Temmeyon altigen.i$t IHnidis cyclops, Archselunis debilis 
&c. ; horaes {Mesoliippii^ or AncUiitherium), rhinoceroses {IHeeratherium), the elotherid 
BodcJio^’m huTncrosiis, the pig BothrolaMs, the oreodonts Agriochoffrus, EpOTcodenh Meryco- 
choenbs {Oreodo)i\ and the camels Protonicfryx and Eypc7'tragulm, The Loup Fork beds 
have yielded a still more varied mammalian fauna, which comprises rodents (MylagmiZus, 
CcrcUogaulus^ Stencofihcr), carnivores {^lurodfyn, four species, AmpMcyony Cywaretus, 
Pm-iidteluTits)^ elephants, horses (AmMpp^tSt ProtoMppus, several species, Plidhippus^ 
Hipparion), rhinoceroses {Aco^utheriumt TeleoceraSt several species), oreodonts (Mei'y- 
chyuSf GyelopidUis)f camels {Proeameliis, several species, Protolahis, MiolaUs), deer 
(Blastoincryx, Cosoryx) and bisons. 

South America. — In the southern part of this Continent a great series of Tertiary 
formiitions represents the Miocene, Pliocene, and Pleistocene periods, but the precise 
correlation of the different members with those of North America and the Old World 
has not yet been settled. The Patagonian formation, which covers so vast an area, is of 
marine origin, and has yielded some 200 species of invertebrates. The general character 
of these organisms points to their being of Miocene age.^ A remarkable feature in them 
and in the vertebmte faima of the overlying formation is the sticking affinities they show 
to the Miocene and living forms of Australia and New Zealand (Pareora beds), perhaps in- 
dicating either a land connection or shallow seas and islands betw^’cen South America and 
Austinlasia. Above the Patagonian comes the Santa Cniz formation, w^here mammalian 
remains have boon met with in greater abundance than in any other known deposit. 
Even more remarkable than their numbers are their variety and their contrast to those 
of the northern continents. The fauna is marked by the presence of numerous caniivor- 
ous and herbivorous marsupials, by an extraordinary variety of edentates, sloths, 
armadillos, and ant-eaters, by many genera of ungulates belonging to peculiar orders 
{Typotlhcrm^ LUoptema, Toxodontia), and by South American types of monkeys and 
rodents. Besides these positive features, the assemblage of organisms is further dis- 
tinguished by the absence of families of common occurrence elsewhere. There are no 

^ J. S. Dillor, 11 dt, Amu Rep. U.S. G. S. Part i. (1896), p. 29. 

*•* For a list of the Alaskan localities and the species found at them, see W. H. Dali and 
G. D. Harris, JiuU, U.S. O. S. 84 (1892), p. 263. 

® The upper part of the Loup Fork group, according to Professor Scott, may be Pliocene. 

* A. A Ortraaim has published on account of the Tertiary invertebrates. He regard^ 
the Patagonian bods as of Lower Miocene age, dwells on the remarkable affinities of the 
faunas of South America, Now Zealand, and Australia, and discusses the theory of an 
Antarctica or Antarctic Continent, Princeton Univei'sity Jitports frmn Expeditmi to 
PatagoniCii vol. iv. Part ii. pp. 308-810. 





1274 


f^TBATIGRAPHIGAL GEOLOGY 


BOOK VI PART IV 


trae cainivores, creodonts, artiodactyls, peiissodactyls, elephants, mastodons, or bats.^ 
Unconformably above the Santa Cruz formation lie the Cape Fairweather beds, which 
from their fossils are regarded as Pliocene.*^ 

Australasia. — In Victoria certain deposits later in date than those mentioned on 
p. 1260 have been referred to the Miocene period. They indicate marine, lacustrine, and 
terrestrial conditions, with the existence of contemporaneous volcanic activity towards 
the end of the series. Tha marine rocks consist mainly of calcareous sandy strata and 
limestones, with CfeZZepora, Spatmigics, TerehTatula^ icc. The lacustrine deposits are 
clays and lignites, and the fluviatile materials consist of gravels and sands which are 
often auriferous. Great sheets of basalt, forming the older volcanic series, have been 
poured over these various accumulations, which are sometimes 300 feet thick. A large 
number of plants, mollusks, fishes, and marine mammals has been obtained from this 
Miocene series.® 

Rooks assigned to Miocene time in New Zealand have been divided by Hector into : 
1st, A lower series, consisting of calcareous and argillaceous strata widely spread over 
the east and centr^ part of the North Island and both sides of the South Island. They 
can be traced to a height of 2500 feet above the sea. Marine shells abound in them, 
including 55 species which are found among the 460 shells that now live in the adjacent 
seaa. Some of the most notable fossils are DentcUvum irregula/r&, Pleurotoma ayjavwa- 
crisis, Conus Trailli, TurrUclla gigantea, Buedrmm RoMnsoni, Cu&iillsca alia. In some 
places thick deposits of an inferior kind of brown-coal occur in this subdivision. 2nd, 
An upper aeries composed of littoral or sub-littoral accumulations of sand, gravel, and 
clay. They have yielded 120 recent species of shells, and 25 species which appear now 
to be extinct. Specially characteristic are Oatreci ingens, Murex octagorvi(>s, Fusus tritmi, 
StimBiwlaria cingulata, CIvionc assimilis, Pect&n germnulat'ns.'*' 

Acoordiirg to the classification of Captain Hutton, the Miocene rocks of New Zealand 
are comprised in his Pareora series (p. 1246), which, occasionally overlying beds of coal, 
consists chiefly of soft sandstones and clays, witlr limestones on the east coast of the 
North Island from Wellington to Hawke’s Bay. It has yielded about 235 species of 
mollusks, of which 61 are common to the Oamaru series below, and from 20 to 65 per 
cent are still living. The large size of some of the shells is remarkable, especially those 
of the genera Ostrea, Pecten, Lima, Gxwullaca, Crassatella, Gardiwm, Meretrisi, LenMlixm, 
Pleurotornaria, Turlo, Sccdaria, TurriteUa, and Natim, The fauna has thus a some- 
what tropical aspect, which is supported by the flora found among the shales and lignites 
in the upper part of the series. The fruit of palm trees has been met with not only near 
the northern end of the North Island, but even as far south as Oamaru in the South 
Island (lat. 45® S.). An interesting feature of this series of strata is the evidence it 
contains of contemporaneous volcanic activity. It includes remnants of the last 
'eruptions of the South Island and the earliest of those which now began, in the North. 
The latter are shown in the andesites of the Thames gold-fields, Whangarei Heads and 
Great Barrier Island, and in the trachytes of Hicks Bay, all of which belong to an 
early part of the Pareora period. Rather later are the rhyolites of the cliffs around Lake 
Taupo. Since the marine deposits were laid down they have been upraised to a height 

^ This extraordinary fauna has been partly described by Lydekker in the Pal<eontdogia 
Argentim, 1890 and subsetiuently, no fewer than 20 genera of edentates being given. More 
recently the expedition referred to in the foregoing note has been sent from Princeton 
University, and a vast collection has been made of which an account is now in course of 
publication. When complete the Palaeontological part of the Report will consist of three 
massive quarto volumes, in which the organic remains will be fully illustrated and described. 

® W. B. Scott, Brit Assoc, 1900. 

® R. A. P. Murray, ‘Geology and Physical Geography of Victoria,’ 1887. M‘Coy, 
‘Prodromus of Victorian Paleontology.* The younger volcanic series is Pliocene (p. 1299). 

^ Hector, ‘Handbook on New Zealand,* p. 27. 
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of 3000 feet above the sea in tbe South. Island, and to not less than 4000 feet in 
Hawke’s Bay.^ 


Section iv. Pliocene. 

§ 1. General Characters. . 

The tendency towards local and variable development, which is 
increasingly observable as we ascend through the series of Tertiary 
deposits, reaches its culmination in those to which the name of Plio- 
cene has been given. Doubtless one main cause of this aspect of the sedi- 
mentation is to be sought in the comparatively trifling geographical changes 
which have taken place since the Pliocene strata wore accumulated. The 
sea-floor has, for the most part, been only slightly upraised, so as to expose 
merely the remains of the shallower and more confined waters. The wide- 
spread oceanic deposits of the period, which may have been as extensive 
and aj thick as those of earlier ages, still lie buried under the sea. Where 
a more serious amount of uplift has occurred, much thicker representatives 
of Pliocene sediments have been brought to light. Thus in the basin of the 
Mediterranean, especially along both sides of the Apennine chain and in 
Sicily, where the elevation since Pliocene time has been considerable, a 
thickness of 1500 feet or more of Pliocene sediments has been raised into 
’ land. These deposits were accumulated during a slow depression of the 
soa-bottom, and their growth was brought to an end by the subterranean 
movements which culminated in the outbreak of Etna, Vesuvius, and the 
other late Tertiary Italian volcanoes, and in the uprise of the land between 
the base of the Apennines and the sea on either side of the peninsula. 
Great volcanic activity continued to manifest itself in other districts, such 
as Central France. As a whole, the marine Pliocene deposits of Europe, 
local in extent and variable in character, reveal the beds of shallow seas, 
the elevation of which into land completed the outlines of the Continent 
at the close of Tertiary time. Thus these waters covered the south and 
south-east of England, spreading over Holland, Belgium, and a small part of 
northern France, but leaving the rest of northern and western Europe as 
dry land. Here and there, in south-eastern Europe, evidence exists of 
the gradual isolation of portions of the sea into basins, somewhat like 
those of the Aralo-Caspian depression, with a brackish or less purely 
marine fauna. In some portions of these basins, however, as in the 
Kiirabhogas Bay of the existing Caspian Sea, such concentration of the 
water took place as to give rise to extensive accumulations of salt and 
gypsum. In a few localities, fluviatile and lacustrine deposits of the 
Pliocene period have been preserved, from which numerous remains of 
terrestrial vegetation and mammals have been obtained, 

The^Pliocene flora is transitional between the luxuriant evergreen 
and sub-tropical vegetation of the Miocene period and that of modem 
Europe. Prom the evidence of the deposits in the upper part of the valley 
of the Arno, above Florence, ,it is known to have included species of 
1 Captain Hutton, Trans, New Zeal, Inst, xxxii. (1899), p, 171. 
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pine, oak, evergreen-oak, plum, plane, alder, elm, fig, laurel, maple, 
walnut, birch, buckthorn, hickory, sumach, sarsaparilla, sassafras, cin- 
namon, glyptostrobus (Fig. 478), taxodium, sequoia, &c.^ The researches 
of Count de Saporta have shown that the fiora of Meximieux, near Lyons, 
comprised species of bamboo, liquidambar, rose-laurel, tulip-tree, maple, 
ilex, glyptostrobus, magnolia, poplar, willow, and other familiar trees 
(Fig. 479).^ The forests of that part of Europe during Pliocene time 
conjoined some of the more striking characters of those of the present 
Canary Islands, of North America, and of Caucasian and eastern Asia, 
including Japan. There is evidence, however, that a marked refrigera- 
tion of climate was in gradual progress, during which the plants, 
such as the palms, especially characteristic of wanner latitudes, one 




exalata, Heer. 


by one retreated from the European region, or lingered only on 
its southern borders. In England, towards the end of the Pliocene 
period, the climate, if we may judge of it from the plants preserved 
in the Cromer Forest-bed, had come to be very much what it is to- 
day. Among the vegetable remains found in that deposit are those 
of many of the familiar forest trees still living in the south-east of 
England. Some of our common wild-fiowers and water-plants had 
now made their appearance, such as the buttercup, marsh -marigold, 
chickweed, milfoil, marestail, dock, sorrel, pondweed, sedge, cotton-grass, 
reed and royal fern.^ 

1 Gaudin, ‘Feuilles foasiles de la Toscane.’ Gaudin and Strozzi, ‘Contributions k la 
Flore fossile italienne.* Lyell, ‘ Student’s Elements,’ 4th edit. p. 172. 

® “ Eecherches sur lea V4getaux fossiles de Meximieux,” Archiv, Mils, Lyon, i. (1876-76) 
and liis ‘Monde des Plantes,’ p. 314. 

* C.Reid, ‘Pliocene Deposits of Britain,’ M&tn, Gaol, Suro, (1890), pp. 185, ‘231, and 
his ‘Origin of the British Flora,’ 1899. 
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In the fauna of the Pliocene period, as contained in the various 
deposits of the time, the invertebrate portion is specially conspicuous. 
The gasteropods, lamellibranchs, polyzoa, and foraminifera are the more 
abundant groups. All the gasteropods and lamellibranchs belong to 
living genera. In the English Pliocene deposits Apotrliais, JSuccinum, 
Nassa, Natica, Neptmea {Chi'ysodomiis), Purpura^ Rissoa, Scala^ Tntomf'mis^ 



Fig. 479.— Pliocene Plautw. 

(a) ropuliiH OAiiQHceiiH ; (h) Sallx alba ; (o) aiyptostrobuB onropteus ; (d) Alnus glutinosa ; 
(K) PlatanuB aceroidos (^). ‘ ^ 


Trochm (palliostoim\ Tmritella and Fohda (Aurinia) are common 
gastoropod genera. In the same deposits the lamellibranchs are re- 
presented by Ca/rdita, Gardiwn, Cyprim, Dosina^ Imcim, ' Mactra, 

Nuada, PedeTi, Pectimcuhs, Tellma,, Vmus, &o. Among the numerous 
polyzoa more particularly found in the Coralline Crag, are Eschara, 
Eomera, L^raUa, Theonoa^ and Memlrampora. Eleven genera of echinoids 
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have been obtained in England, the chief being Echinus, Erhl.uhCi/nmiK 
and Temnechinus,^ 

The vertebrate portion of the fauna still retained a number of the now 
extinct types of earlier time, such as the Dinotherium 
and Mastodon. It was specially characterised also by 
troops of rhinoceroses, hippopotamuses, and elephants, the 
ElepliOjS meridmialis (Kg. 480) being a distinctive form; by 
large herds of herbivora, including numerous forms of 
gazelle, antelope, deer, now mostly extinct, and types 
intermediate between still Kving genera. Ajnong these 
were some colossal ruminants, including a species of 
giraffe and the extinct giraffe-like genera Helladotherimi 
(Fig. 487) and Sartwikerium, as well as other types met 
with, among . the Siwalik beds of India (Sivathet'ivm, 
Fig. 489, Bramathenum), The Equidse were represented 
by the existing Equm, and by extinct foims, one of 
the most abundant of which was Hipj^rmn (Fig^481), 
like a small ass or quagga, with very complex teeth and 
Pig. 48o.-Biephaa three toes on each foot, only the central one actually 
meridionaiis, Nesti. reaching the gTound. Besides these animals there lived 
Crown of molar (I). vaxious apes {Mesopithecus, Fig. 482, JDolichopithecus), 

likewise species of ox, cat, bear, machserodus (Fig. 488), hyjena, fox, 
^iverra, porcupine, beaver, hare, and mouse. 

The succession of the mammalia during Pliocene time, as worked out by 
Gaudry, is shown in the subjoined table : ^ — 




Stage of Perrier near Issoire, Oonpet, Vialette (Haute Loire), Cliagiiy (Saoiie 
et Loire) with a part of the Val cVAnio beds and of the English Crag. 

Appearance of horses, oxen, elephants, marmots, hares, bears. Dis- 
appearance of apes. The antelopes become rare, the deer increase. The 
elephant coexists with the Mastodon. 

Stage of Montpellier and of Casino (Tuscany). 

\-onea'^r'’e o'Pth" (apes). The hipparion still exists, but tlic 

. -I.*-.' ..'id many other genera of the preceding 

■npTiod<« row disappear. 

^■... ji: <»!' 1*1 VI ■ . Baltavar (Hungary), Mont Lcberon (Vaucluse) and Conciid 
(Spain). 

Appearance of the genera Leptodon^ TmgoccntSt PaXmi'^/x, Pidivv- 
tra{jiis.t PcUaioreaSy Ottzella, Helladotliemcmu, deer, porcu- 

pine, IctitJiermm, hysena, HyamictiSy Proiriepnim, Jteigii of the 
herbivora, which form immense herds. 


The advent of a colder period is well shown by the change in the 
aspect of the moUuscan fauna as we pass from the older to the younger 
Pliocene deposits of Europe. On the one hand, a number of northern 
moUusks make their appearance, while on the other, there is a correspoiid- 


^ The chief authority on the English Plipcene mpllusca is S. V. Wood, Crag MoUusca,” 
Pcd^QiiVtograph. Soc, 1848-82 ; on the polyzoa, G. Busk, Crag Polyzoa,’* 

Soc. 1859. The Echinodermata have been described by E. Forbes, “ Bchinoderms of the 
Tertiaries,” PaZ^mitgr, 1862, and by J. W. Gregory, “British Cainozoic Echinohlea,” 
Proc, GeoL Assoc, vol. xii. (1891) p. 16. The Foraminifera have been disenssed by Jones, 
Parker, and Brady, “Crag Foraminifera,” PalssorUograph. JSoo. 1866 and 1895. 

^ * Enchainements du Monde Animal — Mammifores Tertiaires,’ p. 5. 
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ing elimination of southern forms. The proportion of northern species 
increases rapidly in the next succeeding or Pleistocene series. The Pliocene 
period, therefore, embraces the long interval between the warm temperate 



Eig, 481.— Hipparioii graoile, Gaudrj' (»V,). 


climate of the later ages of Miocene and the cold Pleistocene time. 
The evidence of change of climate derivable from the English Pliocene 
marine mollusca may be grouped as in the subjoined table, which shows 



Fig. 483.— MeHopitliQcus PontelicI, Gaudry (i). 

the gradual extirpation of southern and advent of northern forms in the 
long interval between the deposition of £he oldest and newest Pliocene 
deposits.^ 

1 F..W. Harmer, Q. J, /?. Ivi. (1900), p. 726 ; see also C. Reid, ‘Pliocene Deposits of 
Britain,* p. 145. 
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Not known as 
living species. 

Per cent. 

Southern • 
forms. 

Per cent. 

Northern 

forms. 

Per cent. 

Weyboum and Chillesford Crag 

11 


33 

Pluvio-marine Crag 

11 

7 ' 

32 

Red Crag of Butley 

13 

13 

23 

Red Crag of Newbouni . 

32 

16 

11 

Red Crag of Walton 

36 

20 

5 

Coralline Crag 

38 

26 

1 



C 

Fig. 483,— Pliocene lilariiie Shells. 

u, Rhynchonella (Hemithyris) psittacea ; h, Panopcea norvegica (i) ; c, Purpura lapillus (i) ; d, Neptuuea 
(Chrysodomus, Trophoii) autaqua (j). All these species still live in the seas around Britain. 


§ 2. Local Development. 

Britain.^ — In the Pliocene period, after a long period of exposure as a lan(l-sui*faoo, 

^ Prestwich, Q, /. G. S. xxvii. (1871). Lyell, * Antiquity of Man,* chap. xii. (1863). 
Searles Wood, “Crag MoUusca,” Palteont iSioc. (1848-67), and Supplement by S. V. Wood, 
junr. and P. W. Harmer (1872). H. B. Woodward, “Geology of Norwich,” and W. 
Whitalcer, “Geology of Ispwich,” &c. both in Mem. Geol. Suro&y. The fullest account of 
the stratigraphy will be found in the monograph by C. Beid, already cited, on the * Pliocene 
Deposits of Britain ' {Mm. Gaol. Survey), which contains a valuable bibliography. The 
subject has since been discussed in detail by Mr. Harmer (Q. J. G. S. liv. (1898), p. 308 ; 
Ivi. (1900), p. 705, also a general summary of his views, Proc. Qeol. Assoc, xvii. (1902) 
p. 416). In a new classification of the Pliocene deposits of the east of England, he considers 
that the upper limit of the older part of the series should be placed immediatel^above the 
Lenham beds, and that the Coralline Crag should be made the base of the Newer Pliocene 
series. He pi*oposes a number of new names for the several members of the whole succession 
of deposits, derived from the localities where they are best developed, (2. 7. U, S. Ivi. 
p. 708. 
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during which a continuous and ultimately stupendous subaonal denudation was in pro- 
gress, Britain underwent a gentle, but apparently only local, subsidence. We have no 
evidence of the extent of this depression. All that can be affiimed is that the south- 
eastern counties of England began to subside, and on the submerged surface some sand- 
banks and shelly deposits were laid down, very much as similar accumulations now take 
place on the bottom of the North Sea. These formations, termed generally “ Crag,” are 
followed by estuarine and fresh- water strata, the whole being subdivided, according to the 
proportion of living species of shells, into the following groups in descending order : — 


Base of the 
Pleistocene. 


Newer 
Pliocene 
(cold tem- 
perate). 


Older 
Pliocene 
(warm teni- 
l)erate). 


Forest- bed group 
(10 to 60 feet). 


Arctic Fresh- water Bed (with Salix polao'is, Betula nana^ &c.). 
Yoldia {Leda) myali^ Bed, classed provisionally as Pliocene. 

/ Upper Fresh- water, 1 

4 Estuarine, ^ 

( Lower Fresh-water. 

Weybourn Crag (and Chillesford Clay ?), 1 to 22 feet. 
Chillesford Crag (6 to 16 feet). 

Norwich Crag and JScrdbicularuc Crag (6 to 10 feet), 

Ited Crag of Butley, &c. 

Red Crag of Newbourn, Oakley, and Walton. 

" St. Erth Beds. 




Gravels 

with 

Elephaft 

meii'- 

idionalis 

at 

Dewlish. 


Il47 feet 

at 


Southwold. 


Coralline Crag (40 to 60 feet). 

Lenham Beds (Diestian). 

Box-stones and phosphate beils (with derivative early Pliocene 
fossils). 


Oldkii Pliocene. — The deposits of this age x>robably at one time extended over a large 
part of the south and south-east of England, hut they have been reduced by denudation 
•to a few widely separated patches, the largest of which, around Oxford in Suffolk, does 
not cover move than about ten square miles. They consist chiefly of shelly sands 
known as the Comlline Crag of Suffolk, but a small outlier of fossiliferous sand occurs 
on the otlge of the North Downs at Lenham, and other ironstone patches, probably of the 
same age, cap the Down as far as Folkestone. Far to the west, at St. Erth in Cornw’all, 
an isolated deposit of older Pliocene ago has been detected. These thin and scattered 
fragments convey no adequate conception of the length or importance of the geological 
period which they represent. As above remarked, it is not until we pass into the north 
of Italy and the basin of tho Mediterranean that wc discover the Pliocene period to be 
roprosoiitoil by thick acciini illations of upraised marine strata comparable iu extent and 
thickness to some of the antecedent Tortiai^ series. 

A strongly marked break, both stratigraphical and paleontological, separates the 
Pliocene deposits of Ihitaiii from all older formations. They lie unconformably on 
everything older than themselves, and in their fossils show a great contrast even to 
those of tho Oligo(!eiie series, Tho suh-tropical plants and animals of older Tertiary 
time arc there replaced by others of more temperate tyi)es, though still pointing to a 
climate wither warmer than that of southern England at the present time. 

' A conglomeratic deposit (Nodule beds, Box-stones) forms the base of the Red Crag, and 
sometimes also underlies tho Coralline Crag. It includes fragments of various moks, 
such ns Hints, se.ptaria, sandstones, ipiartss, cpiartrite, granite, and other igneous 
materials, together with a miscellaneous assortment of derivative fossils, including 
Jurassic ammouitos and brac.hiopods, sharks’ toetli and other fossils from the London 
Clay, the teeth of many land mammals (pig, rhinoceros, mastodon, tapir, doer, 
hipparion, &e.), and pieces of the rib-bones of whales. Many of these organic remains 
must hav(^ boon derived from some older Pliocene deposit which has otherwise entirely 
disappeared. They have been to a large extent phosphatised, and hence have been 
extracted as a sounto of phosphate of lime. Among tlio contents of the deposit some of 
tho most interesting and important are rounded i»ieces of brow-n sandstone, known as 
“ box-stonos,” evidently derived from the denudation of a single horizon, and enclosing 
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casts of marine shells. The general facies of the assemblage of shells obtained from 
these fragments points unmistakably to a lost formation, probably of older Pliocene 
time. At present 16 species have been determined, all of which are well-known British 
Pliocene forms, except two, which occur in Continental Pliocene deposits."^ 

Lenhani Beds, Diestian. — On the edge of the Chalk Down of Kent near Lenham, 
patches of sand cap the Chalk, and descend into pipes on its surface at a height of more 
than 600 feet above the sea, and, as above stated, other similar nests of ferruginous 
sands are met with along the downs as far as Folkestone. At first these deposits were 
thought to be portions of the base of the Tertiary series, but the occurrence of apparently 
Pliocene shells in them led to a more thorough investigation of them, with the result 
that they have been proved to be of the same age as similar deposits which cap the hills 
on the other side of the Straits of Dover from Boulogne into Belgian Flanders, whence 
they stretch northwards as a wide continuous sheet into Holland. These sands, known 
as Diestian, have yielded at Diest and Antwerp a large assemblage of fossils, -which prove 
them to be of older Pliocene age. Of the Diestian fossils of Holland and Belgium so large 
a proportion has been detectedin the Lenham deposits, generally in the foirn of hollow casts, 
as to leave no doubt of the geological horizon of these scattered fragments of a formation. 
About 67 species have been obtained from Lenham, the southern character of which is 
indicated by the genera Pyrnla^ Xmio^hora (Phorm), 
Lotorium {THto)i\ and Aviciila, mth abundant ef^ainples 
of Area, diluvii, Cardhtm papillosum^ and the polyzoon 
Quimlaria cauariemis. Some of the extinct species are 
found elsewhere in Miocene deposits and in the Italian 
Pliocene formations. The proportion of existing species is 
reckoned at 67 per cent ; 75 per cent of the whole fauna is 
found in Miocene, and 72 per cent in the Mediterranean' 
Pliocene deposits.*-^ It is interesting to notice the great 
change of level which this fragmentary formation serves to 
prove since older Pliocene time in the south of England. 
From the general character of the fauna found at Lenham 
it is probable that jthe shells lived in a depth of not less 
than 40 fathoms of water. This vertical amount, added 
to the present height of the deposit above the sea, gives a minimum of 860 feet of 
uplift.® At the same time, we cannot but he struck with the evidence which is here 
presented of great denudation. There may have been a thick accumulation of Pliocene 
deposits over the south-east of England, but the whole has been sw’ept away, leaving 
only such portions as escaped by being sheltered in hollow^a of the Chalk. 

St. Erth Beds.— The only other fragments yet known of older Pliocene fomations 
in Britain lie far to the west between St. Ives and Mount’s Bay in Cornwall, where a 
patch of clay at St. Eith, 120 feet above the sea, and probably less than a quarter of a 
square mile in area, contained in a hollow of the slates, has preserved an interesting 
series of organic remains. Another outlier occurs on the opposite side of the same 
valley at the height of 150 feet. Among the forms which connect this deposit with 
coiTesponfling strata elsewhere the following may be mentioned : Tuvhoviilla plAcatula, 
Oolmxldla sulcata, Trivia {flyprma) avcllana, Evlwi&ue terchcllata, Msmrclla costaria, 
Lacuna suhoperia, Melampus pyrainidalis, Nassa reticosa, Natica milUpmxdaia, lUugi^ 
CLila acuta, Troehus oioduliferens, Turt'Uella imrassata, Gardita aauleoda, Gardium 
papillosuTu,^ The assemblage of fossils indicates a probable depth of water of 40 or 

1 C. Reid, op. ciU p. 6 aeg. F. W. Harmer, Q. J. a. S. liv. p. 813 ; Ray La^jJeester, op. 
cU. xxvi. 1870. It was possibly from the destruction of the strata overlying the Lenham 
beds that the Nodule or Box-stone materials were derived. 

® F. W. Harmer, op. cit. p. 312. 3 q. ^2, 69. 

* C. Reid, op. dt. pp. 59, 236, Summary of Progress of Oeol. Surv. for 1901, p. 81. 
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50 fathoms, and thus points to an elevation of the land to the extent of about 400 feet 
since Pliocene time. 

Coralline Crag (Bryozoan, "White, or Suffolk Crag^) consists essentially of calcareous 
sands, containing hardly any inorganic matter, but mainly made up of shells and br}^o 2 oa. 
It is exposed at various localities in the county of Suftblk, between Butler Creek and 
Aldeburgh. According to the census of Searles "Wood, published in 1882, the number 
of inollusks found in this deposit amounts to 420 species, of which 251 or 60 per cent 
are still living. The southern character of the fauna is still shown by some of the genera 
of shells, such as large and showy species of VoliUa {Auriiiia), Cassuiana^ Cassis^ Pyrula 
(Fimla)j HinniteSi Chmivct^ CardUa^ and Pholadomya^ likewise Ovida, Miim^ Lotorium 
{TrUoii\ Vernictus, Rbigicula^ Vtirticordia^ Comllio;pliaga, and Solecurtus. Chamcter- 
istic species are Gardita corhis^ C, senilis^ Limopsis pygnima, Ringicula bticmieaj Voluta 
{A%irinia) Lctmhcrti (Fig. 486), Pyrala rctimlcUa, Astarte Omalii (Fig. 485), PholadoTiiya 
liistcnKt, Pectcn (ASquipccten) opermlaru. Lingula Dimortierii and Terehratula gmndis. 
Hardly less abundant and varied are the bryozoa or “Corallines,” from which one of the 
names of the deposit is taken. No fewer than 118 species have been named, of which 76, 
or about 64 per cent, appear to be extinct. Specially chai-acteristic and peculiar ai*e the 
large massive foims known as Alveolaria and Theoma {FasckuZaria) (Fig. 484). There 
are three species of corals all extinct. Of the 16 species of echinoderms at present 
known, ^nly three are now living. Remains of fishes are of common ocouiTence, 
especially in the form of gadoid otoliths. Teeth and dermal spines of the skate and 
wolf- fish are met with, and to these shell-eating fish the broken condition of so many 
of the shells may probably be osciibed. Traces of one of the lai’ger dolphins have 
been found, but no remains of any of the contemporaneous land-mammals, though a 
few drifted land-shells show that the land lay probably at no great distance. The 
'Coralline Crag may be regarded as an elevated shell-bank, which accumulated on the 
floor of a warm sea at a depth of from 25 to 30 or 50 fathoms.^ 

Newer Pliocene. — The British deposits of this age are, so far as we know, confined 
to the counties of Norfolk and Suflblk. They are separated by a considerable break 
from the older aeries, for they lie on an eroded surface of the latter, and pass across it 
so as to rest upon the Eocene formations, and even on the Chalk. There is likewise a 
marked contrast between the fauna of the two series. The newer deposits show that 
the break must represent a long period of geological time, dui'ing which a great change 
of climate took place in Europe, for the southern foi-ms are now found to have generally 
disappeared, and to have been replaced by northern fonns that, following the change 
of tempenituro, had migrated from the colder north. 

Red Crag. — ^Under this name is classed a seiies of local accumulations of dark-red 
or brown ferruginous shelly sand, which, though well marked off from the Coralline 
Crag below, is less definitely separable from the Norwich Crag above. Judging from the 
variations in its fossil contents, geologists have inferred that some portions of the deposit 
are older than others, and that they successively overlap each other as they are followed 
northward. This view has recently been enforced in detail by Mr. Harmer, who believes 
that three if not four distinct stages may be recognised in the Red Crag, not following 
each other vcitically but horizontally, the oldest lying farthest south and containing 

^ Mr. Hanuer has proj)Osed still another name, “ Gedgravian,” froniGedgrave in Suffolk, 
where only this division of the Crag is present, Q. J, d, S, Ivi. p. 707. 

C. Iteid, op. cU. p. 19 seq. Mr. Harmer compares the deposit with the conditions 
found to exist on the Turbot bank off the north-east coast of Ireland, where by the strong 
Bea-current^dead shells are heaped up in more sheltered parts at depths of 25 to 30 fathoms 
as a kind of “recent Crag,” very similar in general character to the deposits of Suffolk and 
Norfolk. He thinks the sea in which the Coralline Crag was deposited lay less open to the 
north than the present North Sea, and was thus open to the southern molliisks from the 
Mediterranean basin. 
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the largest percentage of extinct and southern forms, while the proportion of recent and 
northern shells progressively increases northward among the later stages. These 
generalisations are embodied in the follo\^dng subdivisions.^ At the bottom lies (^r) the 
Walton Crag, found only in Essex and distinguished by the marked southern aspect 
of its fauna, and especially the abundance of NeptUTiea [Ghrysodomxis) contraHa, About 
320 species of shells have been obtained from this deposit, of which the most ehar- 
acteiistic are chiefly extinct or southern forms. They include Cyprssa (Trivia) 
avellaiva, VohUa (Aitrinia) Lamherti, Xassa lahiosa, Plcurotoma mitrula, Turi'Uella 
incrassaia, NcUioa hemiclausa, Trochus (Gilibula) dxicroides, Gardita eorbis and Astartc 
dbliguata. The northern or recent species, which become more or less common in the 
later stages of the Red Crag, are absent or rare at Walton. (6) Oakley Crag or zone 
of Mactra (SpmUa) obtruncata, found inland from Walton, and recently shown by Mr. 
Harmer to contain an abundant fauna (upwai’ds of 850 species and varieties) inter- 
mediate in age between the Walton and higher parts of the Red Crag. While these 
fossils still show a number of Coralline Crag and southern forms, they include a distinct 
assemblage of northern shells, such as Trophm scdlarifonnis^ T harcicensis, T. Sarsiii 
T, islandicuSi Troehm (Callioatoma) formosiis^ JYaiica clausa^ Scala yx^oinlandica^ 
Uactra (Spisula) oht'u'wiccda^ Tellina (Maconia) ohligiia, Astarte compressa and Modiola 
modiohis. (c) Kewboum Oi’ag or zone of Ma/stra (Spisula) coxistrieta. This zone, 
developed in Suffolk on the opposite or northern side of the River Stour, ^ char- 
acterised by the scarcity of some of the extinct or southern forms found on the Essex 
side of the estuary, such as Colxmhdla sulcata, Nassa elegans, NaMca caimoides, 
Trochits (Gihbu.la) Adamoni, and Nucula Issvigata. On the other hand, it contains 
Gardium angitstatum, Mactra (Spisula) contstricta, M. (Spisula) omlis, Tellina (Macanxa) 
ohliqiut, T, prsetenuis (the TclUneeheing a distinguishing feature), s^&oNu(ntla Cobboldissi 
Purpura lapillus, Scala gmnlandim, Adviete mridula, Modiola modiolus, Astarte 
compressa, &c. (d) The Butley Crag or zone of Oardium grmxlanMeum, lies still farther 
north, and is marked by a further diminution of southern and a corresponding increase 
of northern types. The species Tellina (Macoma) obliqiia, T. (Macoma) prsetenuis, 
Mactra (Spisula) constHcta and Cardium angustatum together form a large part of the 
deposit. The northern forms Tritomfusus altus, Buccinum gramlandicum, Nat'ica 
pallida (=gro37ilandica) and Cardium gi'csnlandicumhave been observed by Mr. Harmer 
to be more abundant here than in the older divisions. 

Tlie inorganic constituents of the Red Crag have been studied by Mr. J. Lomas. The 
pebbles consist chiefly of flints, but partly also of quartzite, sandstone, chert, and phos- 
phatic nodules. The sands have been found to be made up mainly of quartz-giains, but 
to include also, like so many clastic sediments, derivative crystals or grains of zircon, 
rutile, kyanite, andalusite, corundum, garnets, ilmenite, leucoxene, touimaline, biotite, 
muscovite, glauconite, microcliue, orthoolase, labradorite, and albite.^’ It should be 
added that, besides the predominant marine fauna, a few land and fresh-water mollusks 
have been met with in the Red Crag, including Pyramidula rysa, Eclix (Eygromia) 
hispida, Limnsea palmtris, Viviparus media, Planorbis xncurginatus, Pupa musemum, 
Succinea putris, and Gorbicula flxmimilis.^ 

Norwich Crag (Eluvio-marine or Mammaliferous Crag, Icenian of F. W. Harmer), 
extending over an area 40 miles long by 20 broad through the counties of Suffolk and 
Norfolk, is marked by a fauna which differs more from that of the Red Crag as a 
wdiole than the faunas of the several divisions of the latter do from each other.^ 


1 See Mr. Harmer’s paper, Q, J. G, S. Ivi. p. 705, from which this information is given. 
® Q. J. G. S, IvL (1900), p. 738. See ante, pp. 178, 179. 

® For a full account of the land and fresh-water mollusks of England, see A. S. Kennard 
and B. B. Woodward, Proc. Malacolog. Soc. iii. (1899), p. 187, iv. (1901), p. 188. 

^ Harmer, qp. cit p. 721. 
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The extinct aiitl southern shells are now reduced to a small number of species, which are 
of rare occurrence in the deposit, the numerous forms that had survived through the 
time of the Red Crag having been exterminated by the geographical changes and the 
increasing cold that accompanied them. On the other hand, a number of northem 
fonns not found in the Rod Crag now make their appearance, particularly Trophon 
T. {Bucciiiqf imis) heTmcicmis^ Vehitina, %ndata, EtimargarUa gi'c&nlartdica, 
jRhynchonclla {Hcmithyris) psiitcu^n,^ N%icnlana pcrnula, Astarte elUptica and A. 
lorcalis. With the fall in temperature there would seem to have been likewise a 
decrease in the variety of the marine fauna, if we may judge from the fact that the 
Norwich Crng has not yielded more than some 150 species in all, many of which are 





c 

Fig. 4S5.— Pliocene Ijnmellibraiiclis. 

it, Astaite borealis Ghemn. (living northern npeeieK); />, Astarte Omalii, Laj. (extinct); c, Nucnla 
Oobboldije, Sow. (extinct) ; rf, Oongeria stibglobosa, Partsch. (extinct) (3). 

excessively rare and most of the more abundant being common British forms. Of the 
most frequent shells three-fourths are recent and two-thirds are familiar denizens of the 
North Sea at the present day. Besides the predominant marine mollusks, the deposit 
has yielded thirty species of land and fresh-water shells, of which only three axe 
extinct. These shells, like those of the Red Crag, have doubtless been washed off the 
land and carried out to the adjacent shell -banks on the sea floor. The name of 
“ Mammaliferoiis ” was given to the deposit from the large number of bones, chiefly of 
extinct spenies of elephant, obtained from it. The mammalian remains comprise both 
land and marine forms. Of the former are Latra Bcevei, Qazclla CmniB 

camutorumj Eqxms st&nonis^ Mmtodm arvem&nm, Eleplim emUgmui, Mi&rotua (Arvicola) 
i/ntmiicdMis, TrogmvtheHum Cfuvieri, The marine mammals include Trichechm 
and Delphimis ddplm. A few remains of sea-fishes have also been found, 
such as the cod and jiollaok. 
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The upper part of the Red Crag sometimes passes into a hand, called from its pre- 
vailing mollusk the “ Scrobicularia Crag.” This band, which is probably a continuation 
of the Norwich Crag of Norfolk, is seen at Chillesford, in Suffolk, to pass upward with- 
out a break into the Chillesford Crag.’ 

Chillesford Crag. — Under this name is grouped a local series of micaceous sands 
with an overlying estuarine clay, containing as characteristic fossils Tumtella communis, 
Nati&i catena, Yoldia ohlongoidcs, Y. lanc&olata, Nncida Cohhohlia\ N. tennis, Cavdinm 
edule, G. groynlandicum, Madra (Spisula) ovalis, Tellina {Macoma) calcarca { = lata), 
T, obliqvja, Mya tnincata. The last-named shell may be seen upright in the position in 
which it lived.® Northern forms are still more prominent here, while a number of the 
common Red Crag foims have disappeared. 

Weyhouru Crag. —At Chillesford the Chillesford Crag passes insensibly upwards 
into a fine micaceous loam or clay containing a few shells and fish-vortebiw. Among 
the shells of this deposit are Buccinum wmlatum, Purpura lapillvs, Astarfe comjtrcssa, 



Fig. 4S0.— 'Pliocene Gasteroiwds. 

£ 1 , Scala groenlandiea, Chemn. ; &, Voluta (Auriniu) Tjainb<'rti, Kow. (j^); c, Ntjptiiiicn ((lliryHodniuuh) 

antiqiia, Linn. (Jk), 

Oyprina islandica, Ludna borealis, JN'umla Cobholdiee, N. tenuis, Tdlina {Macoina) 
oUiqua, Qardium grosnkMidicwm. Traced northwards the Chillesford Clay appeal’s to 
pass into the deposit known as the Weyboum Crag, which is a band of laminated green 
and blue clays with loamy sand full of marine shells, well seen along tho Norfolk 
coast to the west of Cromer. This member of the series has yielded 53 species and 
marked varieties of maiine shells {Tellirw. {Mojco'fm) ballkim, specially abundant, 
Scmcam arctica, JYucula Coliboldim, Mya arenaria, M. trunceda, Oypnna islandicuy 
Astarte mnpressa, A, sulcata. A, borealis, Turritdla communis, Neptunea {Ghrysodomus, 
Trophon) mxtiqua, Pu/rpura Japilhis, Bela {Plmrotonw) tumcula, LUtorina lUtorca, 
JBucc^ium uwdoAmn, &o.), of which live, or 10*6 per cent, are extinct, and nine species 
are Arctic forms. 

Porest-bed Group.® — One of the most familiar membei’s of the English Pliocene 

1 0. Reid, op, cit. p. 100. For an account of the vertebrate fauna of these deposits see 
B. T. Newton’s monographs on “The Vertebrata of the Forest Bed Series' of Norfolk and 
Suffolk ” (1882) and * * The Vertebrata of the Plioceue Deposits of Britain,” in«!?l/e 7 / 2 . Ueol, 
Sure, 

® Harmer, op. cit. p. 728. 

® On this group see Lyell, Phil. Mug. Srd ser. x\i. (1840), p. 245, and his ; Antiquity 
of Man.’ Prestwich, Quart. Joum. Geol. Soc. xxvii. (1871), pp. 325, 452 ; Geologist, iv. (1861)^ 
p. 68. John Gunn, * Geology of Norfolk,’ 1864. 0. Reid, Oeol. Mag. (2) vol. iv, (1877), 
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series is that to which the name of the “ Cromer Forest-hed ” has been given. It occurs 
beneath the cliffs of boulder-clay on the Norfolk coast, and was formerly believed to mark 
an old land-surface, with the stumps of trees in situ. More careful study, however, has 
shown that the stumps have all been transported to their present position, and lie not on 
an old soil, but in an estuarine deposit, perhaps that of the Rhine, which then spread over 
the low land that now forms the shallow southern half of the North Sea. It is now agreed 
that the group of strata known as the Forest-bed series may he divided into three groups, 
an upper and lower fresh-water bed separated by an estuarine layer. The general 
character of the strata comprised in this member of the Pliocene series is shown in the 
subjoined table : — 


S & 

O 

fcl ^ 

aj ^ 

S 

I 


Yoldia {Leda) myalis Bed (p. 1288). 

Upper fresh- water Bed, consisting of sand mixed with blue clay (2-7 feet) and 
enclosing twigs and shells {Succimect pntHs, S/thmdum {Oyclas) cmmm, 
VaZvata jaiscinalis^ liithvnm tentcLadata^ Pisidium amnicuvi^ &c.). 

Fore«t-hed (estuarine), composed of laminated clay and lignite, alternating 
gravels and sands with pebbles, cakes of peat, branches and stumps of trees, 
and mammalian bones, &c. (ranging up to more than 20 feet in thickness). 

Lower Fresh-water Bed, made up of carbonaceous, green, clayey silt full of 
seeds, with laminated lignite and loam. • 

Weybouru Crag. 


The vegetation preserved in this group of strata embraces at least 56 species of flower- 
ing plants, two of which, the water chestnut and spruce fir, do not appear to have belonged 
to the British flora since the Glacial period ; the others are nearly all still living in 
Norfolk. The royal fern {Osmmvda regalis) fomed part of this pre-glacial vegetation. 
The variety of forest-trees points to a mild and moist climate ; they include the maple, 
sloe, hawthorn, cornel, elm, birch, alder, hornbeam, hazel, oak, beech, willow, yew, pine, 
and spruce. The land and fresh-water shells number 58 species, whereof five appear to be 
extinct (Liinax modioUfoimis^ Nematiwa {Ncimiurclla) runtoniam-, Vivipants glacialis, 

V. media, Pisidium astartoUUs) and five no longer live in Britain (including Biihymlla 
{HydroUa) Steinily Valvcdaflmicdilis, QorHcfulafl%i>minalis), The known marine shells in 
the Forest-hed series are so few in number (19 species) that they do not afford a satisfactory 
basis for comparison with other parts of the Pliocene formations. Some of them may 
have been washed out of the Weyhoum Crag below, and they are all common 'Weybourn 
Crag fossils, including several extinct species (Mclampus pyramidaXis, Tellina {Macoma) 
ohliqm, Numla Coliboldisa). They indicate that the climate of the time when they lived - 
was probably not greatly different from thht of the present day. Fourteen species of fishes 
have been recognised {Platax Woodwardi, cod, and tunny among marine forms, also 
perch, pike, barbel, tench, and sturgeon among ttuviatile kinds). The fauna also in- 
cludes two reptiles {TroiMonotus naxtris, Vip&i’a Urm), four amphibians (frogs and 
tritons), five birds (eagle-owl, cormorant, wild goose, wild duck, shoveller duck), and 
fifty-nine mammals. These last-named fossils give the Forest-hed its chief geological 
interest. They include a few marine form.s — seals, whales, walrus, and a large and 
varied assemblage of terrestrial and river-haunting forms, such as carnivores— 
rodiis, Oanis lupm, G. xmlpes, Eymna crocuta, Ursus spelmis, Mustela martes, Qulo 
lusevjs, Luim rndgaris; ungulates— lomsus, Ovihos tnosehatTis, Alces laMfrons, 
Geimis elapims (and nine other species), Eippopotam%bS ampkibius^ Sus scrofa, Equms 
ecd>alkis, E, Stenonis, IMioceros ek'usc'ics, Elephas antiquus, E. meridionalis ; rodents — 
Microtus (Ai'iricola) arvalis, Mus sylvaUacs, Castor fiber, Trogonth&t'i'imi Ouvieri ; in- 
sectivores— mropssa, Soi'csi vulgaris, S, pygmmus, Myogale moscliata. The contrast 
between ^is strange collection of animals and the familiar aspect of the xdants 


!>. 800 ; vii. (1880), p. 548 ; “ Geology of the Country around Cromer,” in Jl/m. Oeol, Sivrv, 
1882 ; “ Pliocene Deposits of Britain,” in M&n, Geol. Snro, 1890 ; ‘ The Origin of the British 
Flora,* 1899 ; and E. T. Newton’s monographs cited in a foregoing note. 
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associated with them was long ago remarked hy Lyell.^ The most abundant and con- 
spicuous fonns are the three species of elephant, while the hippopotamus and rhinoceros 
are of common occurrence. Of the two hoi*ses one is extinct, the bison and wild hoar 
have survived elsewhere, while the whole of the remarkably numerous species of deer 
have disappeared, with the single exception of the red-deer, which would doubtless have 
likewise been exteiminated long ago had it not been protected for purposes of sport. 
The carnivores embraced also living and extinct forms, for the long- vanished machfcrodus 
haunted the same region with om‘ still surviving fox, otter, and marten, and with other 
animals which, like the hyaena, wolf, and glutton, though no longer found in Britain, 
continue to live elsewhere. The total species of land mammals (exclusive of bats) 
found in the Forest-bed is 45, while the corresponding series of the living British faima 
numbers only 29 species. Of the 30 large land mammals found in this deposit, only three 
are now living in Britain, or have died out there within the historic period, and only 
six species have survived in any part of the world. ^ 

The Cromer Forest-bed is succeeded on the Norfolk coast by some sands and gravels 
of which the true position in the series of formations has not yet been definitely fixed. 
They include two distinct members, though their precise relations to the Crag below and 
the glacial materials above are still not satisfactorily settled. The lower band is known 
as the Yoldia {Leda) my alia bed, and the upper as the Arctic fresh- water bdi. The 
former may be provisionally placed with the rest of the Pliocene formations of Norfolk. 
The latter can hardly be separated from it, and would not be so separated but for the 
remarkable character of its few included fossils. These indicate such a gi‘eat increase 
of cold as to show that the conditions of the Glacial period must now have set in. 
Hence the Arctic fresh-water bed is classed with the Pleistocene series. 

Yoljdia (Leda) my alia Bed. — This band, nowhere more than 20 feet in thickness, ’ 
consists of false-bedded loamy sand, loam or clay, and a little gravel, and lies some- 
times on the Forest-bed, sometimes on the Wey bourn Orag. This unconformability 
may mark a considerable interval of time, during which the floor of the estuary 
seems to have subsided, perhaps as much as fifty feet. Among the scanty organisms 
of the deposit, the following may be mentioned : Biiccmum LiUorinia 

liUorea^ L, nidia, Purpura lapilhia^ Neptunea {Cliryaodonius, Trophon) aTitiqua, AstarU 
horeaZia, Gardium edule, Oyprina ialandim, ToUia {Leda) myalia, Mya trmuiaia, Mytilua 
eduZiay Oatrea edulia^ Tellhia {Macoma) lalthica. Some of these shells (the Aatarte^ 
Yoldia, and Mya) are found with the valves united in the position of life. The 
Yoldia is an Arctic species not known in any of the underlying formations. 

Arctic Fresh-water Bed. — Reference may be made here to this deposit, which is 
so intimately linked with that last described. It consists of stiff blue loam, clay, and 
sand, sometimes more than two feet thick, like the deposits of transient floods. Its 
plants include a number of mosses, with the dwarf Arctic birch and willow {Betula 
rmub and Salixpolaria, Fig. 490)— a vegetation wherein trees seem to have as completely 
disappeared as in the Arctic lands. It may indicate a lowering of temperature by about 
20® Fahr.— “a difference as great as between the south of England and the North Cape 
at the present day, and sufiS.cient to allow tihe seas to be blocked with ice during the 
winter, and to allow glaciers to foim in the hilly districts.” » Among the plants a few 
land-shells have been found, such as Sticdnea putria, S, oilonga, Pupa musconmi, to- 
gether with some wing-cases of beetles. 

Various pebble-gravels occur in different parts of southern England, the tme strati- 
graphical position of which is still undetermined. They are generally unfossiliferous. 
Some parts of them may be Pliocene. In the south-west, at Dewlish Dorset, a 

1 ‘Antiquity of Man,’ 1st edit (1868), p. 216. See also C. Reid, ‘ Pliocene Deposits of 
Britain,’ p. 182. 

* C. Reid, ‘Pliocene Deposits of Britain.* 

® C. Reid, op. cit p. 198. 
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deposit of sand and gravel has yielded a number of elephant bones and teeth referred to 
Elep/icLS TiwnMonalis, and pointing to an Upper Pliocene age. 

Belgium and Holland. — The sea in which the English Pliocene deposits were laid 
down probably extended across Belgium, Holland, and the extreme north of France, 
but no trace of its presence has yet been found eastwards in Germany. In Belgium the 
base of the Pliocene is found to rest with a strong iinconformability on all older 
deposits, even on the Miocene sands (Bolderian and Anversian). The older Pliocene 
group consists chiefly of sand, and has been named Diestian from the locality where it 
is typically developed. At Antwei’p, Uti'echt, and other places it has yielded a large 
assemblage of fossils (190 species), all of which save 22 occur in the English Cor- 
alline Ci*ag and Lenham beds. This horizon may be paralleled with the Plaisancian 
group of southern France and Italy. Above the Diestian sands comes the group known 
as Scald esian,^ which is likewise made up mainly of sands enclosing a fauna closely 
resembling that of the lower pai*t of the English Red Crag (Walton Crag).® After these 
marine sands were accumulated, 'the Belgian area appears to have participated in the 
upward movement that affected tlie south-east of England ; at all events the overlying 
members of the English Crag are not found in that region. But farther north the 
terrestrial movement was in a contrary direction, the sea-bottom sank during Pliocene 
and PIteistocene time, until many hundreds of feet of sedimentary deposits were laid 
down over the site of Holland. This succession of events has been made clear by a 
series of deep borings in that country. At Utrecht the strata were pierced to a depth 
of 1198 feet without reaching the base of the Pliocene deposits. There appears to be a 
general inclination and a progressive thickening of the stmta in a northerly direction, 
so that a horizon of land and fresh -water shells, winch at Utrecht lies between 521 and 
542 feet below the surface, was formed farther north, at Amsterdam, at about 768 feet. 
According to Mr. Harmer, the greater part of these Dutch Pliocene deposits are newer 
than the Belgian Scaldesian stage. From the fossils obtained at the different borings 
he has advocated the recognition of another formation or group of Hewer Pliocene 
strata lying upon, and passing down into the Scaldesian, but separable from that 
division by its smaller proportion (30 per cent) of extinct shells, its decrease in the 
number of southern fonns (6*8 iDer cent) and its increase in northern species (13*7 per 
cent). For this formation, which is 202 feet thick at Utrecht and more than 460 feet 
at Amsterdam, ho has proposed the name of Amstelian.” Its shells are among the 
most abundant and characteristic species of the upper horizons of the English Crag.® 
Towards its upper limit, beneath the overlying Pleistocene accumulations, it contains 
land and fresh-water shells, which probably indicate that subsidence had been arrested, 
and that the sea over Holland, like that over East Anglia, gradually shallowed and 
gave place to the ancient estuary of the Rhine. None of the latest Pliocene subdivisions 
have been met with in Holland or in Belgium. In the latter country various deposits, 
of which the precise horizons have not been determined, have yielded a large number of 
bones of marine mammalia, including seals, dolphins, and numerous cetaceans, as well 
as remains of Ashes {Gardho/rodon, Lanima, Osyyrhmi, &c.). 

France. — In the north of this country, unfossiliferous sands which cap the hiUs 
between Boulogne and Calais at heights of 400 or 500 feet, and stretch eastwards into 
French Flandem, are believed to be continuations of the Lenham and Diestian group. 
In the north-west, many larger scattered patches of Pliocene deposits are widely 
distributed over Brittany and the adjacent districts. They include marine marls, clays, 

1 Th^ upper part of this stage has been separated by M. Vincent as a slightly newer 
zone, named Poederlian.” 

® For a comparison of the faunas of the two formations see P. W. Harmer, Q, J. O, 8. 
liU (1896), p. 756. He finds that 90 species which are abundant in the Walton Crag, 
inolnding 28 extinct, 19 southern and 2 northern, ore also abundant in the Belgian beds. 

® Op. cit. p. 763. 
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and sands, \yith jYa8sa2Jr is mat ica, N. mutabiliSf Foluta{Ati7'inia) Lambert i, Tcreh'otula 
graTidis, and show a submergence of the lower grounds to the extent of more than 100 feet. 
Similar evidence of submergence under the Pliocene sea is found along the borders of 
the Golfe du Lion and the Mediterranean coast farther east. The deposits then formed 
lie unconfonnably on every series older than themselves, and hear witness to a subsequent 
elevation of that region to an extent, in some places, of 1150 feet above the present sea- 
level. The marine strata extend up the valley of the Rhone, nearly as far as Lyons, 
and they mark the final deposits of the sea in that part of the mainland of Europe. 
They cap the plateaux and rise towards the north and west, indicating a maximum of 
uplift in that direction. Their upper parts contain lacustrine and terrestrial organisms, 
and similar evidence of land is found on their borders near what was probably the old 
shore-line. The marls of Hauterives (formerly regarded as Miocene) are remarkable for 
their beds of coarse conglomerate, w^bich represent some of the torrential deposits swept 
down from the neighbouring hills. These marls contain land and fresh-water shells. 
Earther east, in the Alpes Maritimes, the Pliocene series assumes a more definitely marine 
character. At the base lies a thick mass of blue clays, well seen at many places along 
the coast of the French Riviera. These strata contain Osti’ea cochlear^ Pecte^i 
Area {Anadara) diluvii, JYassa semistriata. Conus antedUuvianus, Terchratula ampulla^ 
&c. Above them lie some yellow clays with similar fossils, followed by a liilestonc 
with foraminifers, oysters, and other niaidne organisms, over which comes a thick con- 
glomerate marking the coai*ae alluvium of torrents from the neighbouring hills. At 
the top the usual indications of fresh- water deposits are seen. 

In the centre of the country the Pliocene formations are all of subaerial, lacustrine, 
or fluviatile origin, and have preserved an interesting and varied record of the 
terrestrial plant and animal life of the time. In the volcanic districts they are found 
beneath some of the younger lavas, and have thus been protected from the denudation 
which has so largely removed the contemporaneous records elsewhere. The trachytic 
conglomerate of Perrier (Issoire) and the ossiferous deposits of other localities in 
Auvergne have yielded an abundant fauna, in which the apes are absent, the antelopes 
have dwindled in size and number, the deer have grown very abundant, true elephants 
for the first time appear, associated with a species of hippopotamus, nearly if not quite 
identical with the living African one, two kinds of hyjena, and the hipparion and 
maehrerodus that had survived from earlier times. This fauna indicates a decided 
change of climate to a more temperate character. Among the volcanic products of 
Haute Loire remains of Mastodon ai'veniensis, lUwiocri'os leptovhinus^ Equm stenoniSr 
and MachBTodus pliocd'nus have been collected. 

Putting together the evidence derivable from the succession of mammalian remains 
in the scattered Pliocene fresh-water and terrestrial deposits of France, palooontologists- 
have grouped these accumulations in the following order ; ^ — 

Upper (Amusian, Sicilian). Arranged in what appears to he the descending order, 
the newest deposits belonging to this stage are those of Saiuzelles (Puy), rather 
earlier than which come the famous gravels of Perrier. Still older are the upper 
parts of the fluvio -lacustrine beds of Montpellier, the upper portion of the 
volcanic group of Coupet, the dei)oaits of Vialette (near Le Puy), the fluviatile 
clays and sands of Chagny (SaOne), and the Mastodon sands of Le Puy. 

In this stage EipparUm disappears and is replaced by Equ.us stenonU, 
Rhinoceros etruscus succeeds /?. IfjtlorhinifN, The proboscidea are represented 
by the last of the European ma.‘ito«lon.s, J/. aiTemensis and M. horsoni. El^has 
meridio7ialis, the great southern elei>hant and precursor of the mammoth, is 
foxmd in the valley of the Safine and ranges into Italy. It is in the Val d^Arno 
that the mammalian fauna of this stage is most typically displayed (p. 1293). 

Middle (Astian). Here come the grey, .siliceous, liiivu)-lacnscriiifc sands of Rous- 


^ See especially H. F. Osborn, A^in. New York Acad. ScL xiiL (1900), p. 80, from 
which this summary is taken. 
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silloii^ (25 metres), containing a fauna like that of the Montpellier deposits, of 
which the lower portion; consisting of yellow marine sands (50 im ‘."t »1 ;< ■ •! 

in this stage. Here also are grouped the fluviatile deposits of la-*, ■' i 

calcareous tuff of Meximieux (with its almndant flora presenting -i . - .• 

those of the Canary Islands and Mongolia), and the sands of Trevoux (SaOne), 
containing VivijmrvSj Palspoi'yx^ Rhinoceros le];ttorliim(8. Mastodon 

arcernensis. 

In this stage characteristic species not found at’ Pikernii are the Rhinocero.s 
and Mastodon just named, together with Tapirus ao'rmiows and Ursns airer- 
n^nsis. Forms haNung affinities to some of those found in the Messiniaii or 
Pikernii deposits are Uipparimt, Pala ort/x and Hyn'^iarctos^ the Asiatic apes 
Dnlirj,>,f,i/h,i'.>s and Semnopithecns ; the African antelopes, Palteui'y.v cordieri 
and I*, hfttthiit.. 

Lower. The terrestrial mamniala of the Plaisancian stage are best displayed in the 
lignite.4 of Casino (Tuscany), where are found Ripparitm^ Sits erymanthivs. 

Ant Hope Massoni^ Tapirus Sennioptitlimts inonspessulanns and other 

forms. Tlie Pikermi deposits classed by some writers as Miocene are by others 
placed at the ba.se of the Pliocene series (Messinian) (p. 1294). With them may 
be classed the ossiferous breccias of Mont Leberon and Cucuron (Vancluse), and 
the hlppclshcim gravels near Darmstadt. 

In t.liis .singe distinctive mammalian types are Pliohyluhates (Eppelsheiin), 
^lystriic (Pikernii), /V/b//2/?’«,/;(Samos), Hippariou gracih. . I ceratherium incisivwn 
of E})i)i‘lshi‘iin succeeds A. tetradactyluM of Sansaii ; Rhuiocei'os Schleier^nacheri 
may be a large .successor of R. snmanieuMs : R, dohlfussi (Eppelsheim) a 
successor of R. brachypits (Grive St. Alban). 1 Another hm giganteuni replaces 
1K bamrkim. The mammalia show a marked evolution beyond the Upper 
Miocene types. 

Italy. — As the Pliocene series is tmeed €a.stwards into Italy its lacustrine intercala- 
tions disappear and it becomes mainly a marine formation, which is so amply developed 
there that it might be taken as typical for the rest of Europe. Along both sides of the 
chain of the Apennines it forms a lungc of loiv hills, and has been named from that 
circumstance the *‘aub-Apennme scries,” In the Ligurian region, according to 0. 
Mayer, it consists of the following groups in ascending order : 1, Messinian-* ( = Zanclean 
of Seguenza), composed of (a) marls, conglomerates (the torrential ddbris of the streams 
from the adjacent mountains), and molasse (65 feet), 'with CeritlUuni pictnm, C. 
oitM'ginosimj Venus mnUilamclIa, Pecten oristaius, Tnrt'UclJa communis^ T. suhanguJala ; 
(h) gypsiferous marls, limestones, dolomites (320 feet, Congeria group), traceable along 
the range of the Apennines as far os Girgonti in Sicily by its well-known gypsum and 
sulphur zone, and containing TivrriteUa, sfuibangnlata, Natica heliebwt,^ Plmvotoma 
dhnidiaia^ Congeria smpleo:, 0, roslH/oi'inis, &c. ; (c) gravels and yellow marls, with 
beds of lignite (upwards of 300 foet). To the Messiniai) gi’oup belong the conglomerates, 
tripoli deposits (with laud plants, insects, fishes, &c.) of Leghorn, and the lacustrine 
dopo.sits with land-plants (palina, &;c.) of Pavia and of Sinigaglia on the Adriatic. 2, 
Astian, composed, at the foot of the Ligurian Aiiennincs, of two groups, (a) blue marls 
with JJmtaliwn scxangulare^ Tundtclla commiunis, T, tomata^ Murex truncuhts, Natiea 
milUpM.nctata^ &c. ; (5) yellow sands with few fossils (300 feet and more).** More 
recently Professor Racco has estimated the wdiole series in the central portion of the 
northern Apennines to have a thickness of nearly 1500 feet, which he groups as in the 
subjoined table : ^ 

* See 0. Depuret, Ann, Sci, (tiol 1885 ; “Lies Animaux Plioctmes du Roussillon,” Meui, 
Soe, (iml^France^ 1890. 

® This stage is by some authors placed at the top of the Miocene series (Pontian 
stage). On the Italian Pliocene see the paper by C. De Stefani cited p. 1271. 

3 C. Mayer, B. S, 0. F, (3), v, 292. 

^ P. Sacco, *11 Bacino Terziario del Piemonte,’ Milan, 1889. See also De Stefani, 
Atti, Soe, Tosc. ScL Nat, 1876-84. 
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Fluvio-lacinstrine alluvial sands, marls, clays, and congloniei'ates, 
with shells indicating a warm, moist climate, Jihinocews 
ctriiscHS, Mastodon arcernensis, &c. 

Yellow sands and gravels, rich in littoral, marine or estuarine 
fossils. 

Marls and sandy clays with abundant marine fossils, from one- 
third to one-half of the shells belonging to living species. 

'Sandy and clayey marls with seams of gypsum and limestone 
marking alternations of brackish- water and marine conditions. 

The shells include species of Dreissensia, Adacna, Cyrena, 
yeritndonta^ Md^inia, Melanopsis, Ilydrohia^ &c. Some of 
the marls are full of leaves {Thujas Phragmites^ Myrica^ 
Qiierca^i Oastmuta^ Fagus, Uhiivs, Ficns^ Lignidamhar, 
Lavnta^ Sasscf/ms, Cinnamomum^ RhamnvSf &c.). 

At Rome the younger Pliocene series is well seen, having at its base a blue 
ptero 2 )od mail containing Pecten HmulosuSt P. (a'istatus^ Kassa scinisti'icdn^ Bmvtalium 
cUpliantinumi &e -9 succeeded by yellow sands (Astian of Monte Mario), with Pecten 
IcUissinitcSj P, flabcllifonnis, P. jacohs&us, Cardium riis6icuui, Ano^nia ephippiuni, 
Oyprhia i&lmvdim. Higher still come sands, gravels, and lacustrine clays, containing 
ElepJias mo'idmmlis or antique. Rhinoceros mcgarhinus^ Hippopotamus major, 
Eqicus stenonis, Sus scrqfa, Cervus clapJius, Bos primigenius, wolf, fox, browi' bear, 
hyseua, lion, lynx, wild cat, &:c. An interesting feature of these deposits is presented 
by the' evidence of contemporaneous and increasingly vigorous volcanic action wliich 
they display. The blue clay at the base was y)robably laid down in a sea of some little 
depth, but it was followed by sandy and gravelly detritus and by layers of volcanic 
tuff, all of which were accumulated in shallower ^ater still connected with the sea, as is 
shown by the occmTence of abundant shells of Peetuncuhis, &c. Among the clastic 
sediments volcanic minerals, particularly augite and leucite, are abundant, and the tuffs 
are full of lumps of dark pumice and lai)illi. Subsequent brackish- water conditions 
ai’e indicated by the enclosed shells, and in the upper parts of the series land and fresh- 
water species show that the sea-floor had now been raised into land. Thus, like 
Vesuvius, Etna, and Bolsena, the Latian volcanoes began with submarine enrptions, 
and gradually built up their stiucture on an upraised sea-floor of volcanic material.^ 

In Sicily a similar threefold grouping has been made by Seguenza, who has traced 
the same arrangement throughout a large part of the mainland. Tlie lowest gi’oup, 
named by him Zanclean, consists of marls and light-coloured limestones. The 
Plaisancian follows in a group of blue clays or marls, while the succeeding Astian con- 
sists of yellow sands. Of these stages the first is chai’acterised by a fauna of which 
nearly ^ ai’e peculiar species, and only 85 out of 604 species, or about 17 per cent, 
belong to living forms which are nearly all found in the Mediterranean. Some of the 
common species of the deposit are Terehraiulina eaput-serpeniis, Rhynehonclla hipartita, 
D&Uali'iimtriquetriLm, PcGtm{Janim)flabeUifoTmis^ Limopm aurita, Hucnlanadilatcda, 
N. strieda, Modiola phaseolina. Tropical genera are well represented among the shells of 
the Italian older Pliocene beds, while some of the still living Mediterranean genera occur 
there more abundantly, or in larger forms than on the present sea-bottoin. The newer 
Pliocene deposits attain in Sicily a thickness of 2000 feet or more, rising to a height of 
nearly 4000 feet above the present sea-level, and covering nearly half of the island. To 
this series, though possibly it should be regarded as, at least in part, Pleistocene, is 
assigned a yellowish limestone, sometimes remarkably massive and compact, and 700 or 
800 feet thick, yet full of living species of Mediterranean shells, some of which oven 

^ The latest and fullest account of the geology of the Roman Oampagna and of its 
abundant younger Pliocene fauna wUl be found in Professor A. Portis" ‘ Oontribuzioni alia 
Storia Fisica del Bacino di Roma,' vol. i (1893), vol. ii. (1896), Part vi. in BoU, Soe, Oeol 
Ital, xir. (1900), Pasc. 1. The volcanic geology of the northern Apennines is discussed by 
a Be Stefani, Boll Soc, Geol Ital. x, (1891), pp. 449-556. 
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retain their colour, and a part of their animal matter. As above remarked, it was 
during tlie accumulation of the Pliocene strata that the later volcanic history of Italy 
began, the first stages being submarine eruptions, which were followed by the piling-up 
of the present sub-aerial cones upon the upraised Pliocene sea-bottom. 

There is distinct evidence of a lowering of the climate of Southern Europe during 
the deposition of the Italian Pliocene series. Not only did many of the distinctively 
southern types of shells gradually disappear from the Mediterranean, but others of 
markedly northern character, such as species of Astarte, took their place. The Italian 
Pliocene deposits, while chiefly of marine origin, contain also among their higher mem- 
bers lacustrine or fluviatile strata, in which remains of the terrestiial flora and fauna 
have been preseiwed. In the upper part of the valley of the Arno an accumulation of 
lacustrine beds attains a depth of 750 feet. The older portion consists of blue clays 
and lignites, with the abundant vegetation above referred to (p. 1275). The upper 200 
feet consist of sands and a conglomerate (“sansino”), and have yielded numerous 
remains of mammals, including Macacics Jlor&ntinus, Mastodon {Tetralophod&n) 
arvmi&nsis, Elephas meridionalis, lihioioceros et7nts(niSt Hippopotamus ampMhius {major)^ 
Hys&na (3 sp.), Fclis (3 sp.), U^'sus etmscicSi MacJissrodus (3 sp.), Eqmi-s stenonis. Bos 
cti'^asciiSf OcrmLS (5 sp.), Palssoryx^ Palmreas^ Castoi', Hystrix, Lqpus arsicola? 
These strata are sometimes gi'ouped as a higher zone of the Pliocene series under the 
name (J# Amusian.^ 

Germany.— The absence of marine Pliocene formations in Geimany has been already 
referred to. Among the lacustrine and fluviatile deposits of the period, however, 
numerous remains of the teiTestrial flora and fauna have been preserved. One of 
the most celebrated localities for the discovery of these remains lies in the Mainz basin, 
where at Eppelsheim, near Worms, above the Miocene beds, described on p. 1268, a group 
of sands and gravels with lignite (Knochensand), from 20 to 30 feet thick, has yielded a 
considerable number of mammalian bones. Among these the Dinoth&rium gigaiiteum 
occurs, showing the long survival of this animal in Central Europe ; also Mastodon 
a/ngusiidims, BLinoceros i^icismiSj and other speoies, Hipparwii gracilc, several species 
of S%(^, five or more of Gemui>s, some of FeUs^ with Machssrodus and LryopUluicus. 

Interesting collections of the terrestrial fauna of the period have been preserved in 
the calcareous tuffs of mineral springs in different parts of Germany. Besides numer- 
ous remains of land-plants, large numbers of land and fresh-water shells have been 
obtained from these deposits, which in some cases point to a colder climate than now 
exists. In the Franconian Alb, for instance, the occurrence of alpine and northern 
European forms of land-shells {Patxda solaria, Claimlia densestrUxta, 0, filoyrania, 
Helb) vicixia. Pupa pagodula, Isthviia costnlata) has been noted. The mammals include 
many e.\tinct as well as some still living forms {Elephas anMqxms, Rhinoceros Uerkii, 
Bus scrofa, Qerous daphtis, Oapreolus capx'ea. Bos primiycnius, Fquxts caballus, Vrsxts 
spclams, Melos mlgaris, Hymva spelsea),'^ 

Vienna Basin. — In consecutive conformable order above the Miocene strata described 
on p. 1268, come the highest Tertiary beds of this area, referred to the Pliocene i>enod. 
The lowest group of strata is known by the name of the “Oongeria stage,” from the 
abundance of the molluscan genus Congeria^ (Fig. 485). Higher up comes the 

^ C. J. Forsyth Major, Q. J. U. S. xli. (1885), p. 1. 

Mr. C. Reid suggests that the lignite deposits of the Val d’Arno (with Tapirus) may 
be much older than the rest of the lacustrine strata (with Mastodon and Elephas). A large 
pro})ortion of the plants in them is extinct, and the tapir is the only animal whose remains 
are founc^in them. They may possibly be even Miocene. 

® P. von Sandborger, ‘ Land und Siisswasser Conchylien der Vorwelt* 1875, p. 936 < 
Sit^. Bayer. Ahad. xxiii. (1893) Heft 1 ; Hellmaun, Palwontographica, suppl. 

* For an account of this genus and its relation to Bx'Cbssensia, consult P. Oppeiiheim 
E. D. a. (y\ xliii. (1891), p. 923. 
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Belvedere-schotter or Tliraciau stage with, in some places, the lacustrine Levantine 
stage. The leading chaiacters of these groujjs are expressed in the subjoined table : — 

2. Thracian Stage or Belvedere-Schotter — coarse fluviatile conglomerate or 
gravel and sand composed of quartz and other pebbles, yielding bones of large 
uiaminals, like those of Eppelsheim, Masialmi {Tetralophudon) longirostns, 
and Liiwthenum gigantemi being especially frequent, together with species of 
Anthracutlierinm^ Hippanon, and Rhinoceros. The yellow micaceous sand, 
forming the lower member of the stage, contains in its more compact poiiiioiis 
abundant terrestiial leaves, silicitied tree-trunks and shells of Unio. These 
strata resemble part of the alluvia of a large river. Their name is taken from 
the Belvedere in Vienna, where they are well developed. In some parts of the 
Vienna basin the Congeria stage is immediately overlain by fresh-water lime- 
stones vdth Helix and Planorhis^ which have been called the Levantine 
stage. This lacustrine facies attains a much greater development in Croatia, 
Slavonia, and Koumauia. 

1. Congeria Stage (Inzersdorf Tegel) — ^a tolerably pure clay reaching a depth 
of often more than 300 feet. This deposit, the youngest Tertiary layer that is 
widely distributed over the Vienna basin, points to contiuued_;_an(l general sub- 
mergence. The facies of its fossils, how’ever, shows that the w'ater no longer 
communicated freely with the open sea, but, like the corresponding strata in 
the Mediterranean region, seems rather to have partaken of a brackish or 
Caspian character. Among the conspicuous mollusks are Congerot suhghihot^t ^ 

C. PartschU 0. triangiUaris, C. spathulata, C. Csjzekif Canlkm rai'nnidm.n%i, 

C. apeiiiaHj C. conjungens^ UniojxtamiSy 27. moravictfA, ^f€la.)wp8i>s martinimva, 

^f. impressa^ vinddUm-ensis, A/. BcniH. The iinmi’iialN iiurliulc Mastodon 
{TctralophiHltm) longirostris^ M. {TrilophfKlon) r //■/,/ v/. '7. v/y. Dinoth&idum 
giganieuvit Aceratkeriim inciaimtm^ Hipparmi gracilc. antelope, pig, 
Mach^fodiis cultridmSf Jctitherium {Hytma) liippttriatnnn. The flora in- 
cludes, among other plants, conifers of the genera Ulyptostrohus. l^avoin, jukI 
Pinus, also species of birch, alder, oak, beech, chestnut, honiirt*;un, lii|uul- 
anibar, plane, willow, poplar, laurel, cinnamon, buckthorn, v.rli the Asiuric 
genus Pari'otiat the Australian proteaceous Hakexi, (Fig. 478), and the extinct 
tamarind-like Podogonium. , . 

In other parts of the Austro-Hungariau empire interesting evidence exists of the 
gradual uprise of the sea-floor during later Tertiary time and the isolation of detached 
areas of sea, so that the south-east of Europe must then have presented some resem- 
blance to the great Aralo-Oaspian depression of the present time. The Coiigerian stage 
brings before us the picture of au isolated gulf gji’adually freshening, like the modexui 
Caspian, by the inpouring of rivers ; but on both sides of the Carpathian range there 
were hays neaily cut oflf from the main body of water, and exposed to so copious an 
evaporation without counterbalanciug inflow that their salt was deposited over the 
bottom. Of the Transylvanian localities, on the south side of the mountains, the most 
remarkable is Parajd, where a mass of rock-salt has been accumulated, having a 
maximum of 7550 feet in length, 5576 feet in breadth, and 690 feet in depth, and 
estimated to contain upwards of 10,695 millions of cubic feet. On the northern flank 
of the Carpathian Mountains, ncai’ Cracow, lie the famous and extensive salt-works of 
Wieliczka, with their massive beds of pure and impure rock-salt, gypsum, and anhydrite, 
some of the strata being full of fossils characteristic of the upper zones of tlie Vienna 
basin. 

The south-east of Europe, during later Tertiary time, was the scene of abundant 
volcanic action, and the outpourings of trachyte, rhyolite, basalt, and tiiffwere especially 
abundant over the low districts to the south of the Carpathian chain. 

Greece.-— A remarkable series of mammalian remains brought to light from certain 
hard red clays alternating with gi’avels at Pikerxni, between Athens and Marathon, was 
carefully worked out by M. Gaudry.^ The deposit in which these remains lie has since 


1 ‘ Animaux fossiles et Geologic de I’Attique,* 4to, 1862, with volume of plates ; B. S. 
/A F. xiv. (1885-86), p. 288. See also Roth and Wagner, Ahhandl. Bayer. Al^d. vii! 
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been ascertained to be widely distributed in Attica. Mr. Smith Woodward has 
recognised it in ITorthem Euboea, 60 miles to the north of Pikermi, containing there 
similar fossils. He describes the red marl or clay as sometimes full of land and fresli- 
water shells, and the bones as lying in great confusion, whole specimens and splintered 
bones being huddled together on successive platforms. Since many of the bones, such 
as those of the feet and limbs, are still in their natural positions, and were obviously 
held together by ligaments when they were buried, he infers that the animals were 
hurried by torrential floods through thickets or tree-obsti‘ucted water-courses before 
being finally entombed, and that accompanying stones in rapid motion may have been 
partly instrumental in the fractunng of the bones. The fauna here disinten’ed includes 
a monkey (Mesopithccus) intermediate between the living Semnopithccus of Asia and the 
Macaques. The carnivores are represented by Simocyoiiy Mustcla, PromephitiSy Icti- 
thcrium — a genus allied to the modern civet — HysinictiSy Sys&nay Maclis&roduSy and 
several species of Felis; the rodents by Hysti-iXy allied to the common porcupine ; the 



J^Mg. 487.-- HeUadotUeiium Duvernoyi, Gaudry 

edentates by the gigantic Ancylothenum ; the proboscideans hy Ilaatodon and Dino- 
tlierium; the peiissodactyle ungulates by Rhinoceros (several species), Accratheriumy 
Leptodony Hip2)arion ; the artiodactyle ungulates by a gigantic wild boar {Sub eryinaii- 
thi‘ibs)y QainelopardaliSy of the same size as the living giraffe, Sellculoth&riumi — a form 
between the giraffe and tlio antelopes, three species of true antelope, Palrntragus — an 
antelope-like animal, Palmt'yXy somewhat like the living African gemsbok, and PalmrcaSy 
allied to the African eland and the gazelles, Gazella — a true gazelle, and Drcm<^ieriumy 
probably a hornless ruminant like the living chevrotains. A few remains of birds have 
also been met with, including a PhadaniLSy related to a pheasant, a QalluSy smaller than 
our common domestic fowl, a GruSy closely related to the living crane ; also bones of a 
tortoise (Testudo) and a saurian (Varanuit), This fauna is remarkable for the exti*a- 
ordinary abundance of its ruminants, the colossal size of many of the forms, such os the 
giraffe and HelladotliaHuniy the singular rarity of the smaller mammals, the marked 
African facies which runs through the whole series, and the number of transitional 

(1864). T. Fuchs, Doilcsch. Akad. WUn, xxxviii, (1877) 2® Abtheil, p. 1 ; BuU. Com, 
Geol, Ital. ix. (1878), p. 110. W. T. Blaufbrd, Address, Geol, Sect, Brit. Assoc. 1884. W. 
Dames <J. <L xxxvi. 1883, p. 9) has added a species of Cervus and one of MtM to the 
previously known Pikermi forms. Further collections have recently been made by Mr. A. 
Smith Woodward for the British Museum [Oeol, May, 1901, p. 431), but without adding 
materially to the number of forms previously known, though much new information has 
been obtained by him in regard to the species already described. 
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types wliicli it contains. Out of the 31 genera of mammals which M. Gaudry obtained, 
22 are extinct. The Pikermi beds have been classed as U 2 )per Miocene, but the occurrence 
of chai*acteristic marine Pliocene species of shells below them {Fectcn henedictus, 
Spoiulylm gs&deropiis^ Ostrca lamellosa, 0, undata) justifies their being placed in a later 
stage of the Tertiary series. They are shown by Fuchs to form pai^t of the Pliocene 
series of Attica, and lie in the highest part of that series. 

Samos. — In an irregular deposit of gravels, sandstones, and marls in the island of 
Samos, Dr. Forsyth Major has discovered a large assemblage of veriebrate remains of 

an age similar to that of the Pikermi strata. 
Among the fossils obtained by him are many 
of the same species as are found at the Greek 
locality, such as FroTmphitis Lartcti, Muatcla 
pala&attica, Lyq/s&na Ohssrctis, Ictitlienwfi 
rohustum^ L Mpparionum^ Anisylotherixm 
Fefivtelicfii Mastodmi Fmtelici^ Fhinoc&ro^ 
padiygimthusy Eipparmi mcditcrrmmm, iim 
cryonanthius ; seven auteloi^es, Falseoreas 
LiiidermayeHf Gazella hrevicoi'nisy Falmoi'yx 
Fallasii, and two others. Besides these, 
Hg. 488.-Head of Mache^ns the sabre- ^ro some half-dozen antelopes of«.frican 

toothed Tiger, uce . types, and tme edentates, Oryeleropus Gavdrj/i, 

Fals&onmiis Ncas^ a new genus of gigantic ruminants, SaniotJiermm, belonging to the 
family of the giraffes, and recalling the Helladoth&tium of Pikermi, and an ostrich 
{StnUhio Karatheodoris),^ 

Ttifiig — Not less important than the massive Pliocene accumulations of the Moditer* 
ranean basin, are those which have been found in Sind, the Punjab, and other north- ' 






’ V*' '*■ 


Fig. 4S9.~€ivatherium gigaiiteum, Falc, reduced. 

A gigantic ungulate allied to the glraifeH and antelopes, having two pairs of honis ; Siwalik buds 

of India. 


western tracts of India. In Sind, the noteworthy fact has been made out by Indian 
Geological Survey that, from the Upper Cretaceous to the Pliocene beds, the whole suc- 
cession of strata, with some local exceptions, is conformable and continuous ; yet contains 


^ Cmpt mid. 31st Dec. 1888 ; 1891, pp. 608, 708. 




,ECT. iv § 2 


PLIOGBNE SERIES 


1297 


evidence of alternations of marine and terrestrial conditions, the latest marine inter- 
calations being of Miocene date. The upper division of the Manchhar gi’oup (p. 1272) 
is not improbably referable to tlie Pliocene period. It consists of clays, sandstones, and 
conglomerate, 5000 feet thick, which have yielded some indeterminable fragmentary 
bones. Similar stiuta cover a vast area in the Punjab. They are admirably exposed in 
the long range of hills termed the Sub-Himalayas, which from the Brahmaputra to the 
Jhelum, a distance of 1500 miles, hank the main chain, and consist chiefly of soft 
massive sandstone, disposed in two parallel lines of ridge, having a steep southerly face 
and a more gentle northerly slope, and separated by a broad flat valley. These strata 
comprise what has been termed the SivTalik group — an accumulation of subaerial or 
fresh-water strata, the thickness of which has been estimated at 14,000 feet in the norih- 
west Punjab, and at least 1500 feet in the Siwalik hills. Its component clays, sand- 
stones, and conglomerates have been deposited by gi*eat rivers, which appear to have 
flowed from the Himalayan chain by the same outlets as their modern representatives. 
These deposits vary according to their position relatively to the great rivers. They have 
been involved in the last colossal movements whereby the Himalayas have heen up- 
heaved, yet their structure shows that the same distribution of tbe water-courses bas 
been maintained as existed beforo the disturbance*! In this Instance, as in that of the 
Green River through the Uiuta range in vrestern America, the inference seems to be 
legitinft,te that tlie elevation of the mountains must have proceeded so slowly that the 
erosion by the rivers kept pace with it, and the positions of the valleys were therefore 
not sensibly changed (see p. 1375). 

The Siwalik fauna includes a few mollusks, some, if not all, of which ai’C identical 
wth living species, such as the land-suail Eulimits imidaris, a species which at the 
present day ranges from Africa to Burma, and the two common Indian river-snails 
Vwij^arus hmgaleiisis and V* dtusimiliSf besides species of M.da%ia^ Anip^dlmda^ and 
Vnio. But the main part of the fauna consists of mammalia comprising 71 species that 
can bo assigned to 39 living genci’a and 37 species belonging to 25 genera that are now 
extinct. The vertebrate part of this fauna, so far as known, is shown in the subjoined 
table, the existing genera being marked with an asterisk : ^ — 

Mammalia. — Primates. — Troglodytes* 1 sp. ; Suiiia,* 1 ; SemHoj>UJuiC 2 ut, ^ 1 
MacacfiSt* 1 ; Cynuc-'/Jfdtin* 2. 

Carnivora. — Mitfif-'/t/* 1 ; Jfdlivora,* 2 ; MdUcorodon^ 1 ; Lutrd,* 3: 
Eyt^/iudon, 1 ; (7rms* 1 ; Hymmretos, 3 ; Can is* 2 ; Ampimyon, 1 
V'v'erm,* 2 ; Ifyamct^* 4 ; Lepthymna, 1 ; Hymiictis, 1 ; ^luropsis, 1 ; jEhtro 
gale, 1 ; Edis* 5 ; MacJuvrodits, 2. 

Proboscidea. — Mishas,* 6 [kv^leplui^* 1; Loxodon,* 1; Stegodon, 4): 
Mastodon, 5 ; Dlnothermn, 1. 

Ungulata. — Clutlieothenuw, 1 ; JUiinoc&ros* 3 ; JUf/utts,* 1 ; IHpparion, 2 ; 
llippopotanuis* 1 ; Tetraconodon, 1 ; Sm* 5 ; Tlixysihyas, 2 ; Sanitherium, 1 
Meryenpoiamua, 3 ; Cernut,* 3 ; Dorcatlwrimi, 2 ; TraguL’iis* 1 ; Momhits,* 1 
Palxomeryie, 1; 1; Jidladotherhwi., 1; ir .. 2 

SicaZheriuvh, 1; i; aa!xRa*\\ Cohus,* 'i\ 1 

Ilippotragus, 1 ; Oreus* {'{), 1 ; t^frepsurms* (?), 1 ; nnsrh>,.:, | : /v'j 

CO, 1 ; Pfobiihados,* 2 ; Lv pi of ms, 1 ; Jiison,* 1 ; Jius, 3 ; Jineapra, 1 ; 

Capra,* 2 ; Oris* 1 ; Caitulus* 2. 

Rodeiitia.— iVi'wAa'tf,* 1 ; IVvimniys* 1 ; liystrLr* 1 j Lepus,* 1. 

Aves. — PhalaerocorcvjL',* 1 ; LoptoptUns* 1 : Pdecamts* 2 ; M&rgus,* 1 ; 
Siruihio,* 1. . 

Reptilia. — O rocodilia. — OromUlus,* 1 ; Cuvialis* 3; RhamphosiicJncs, 1. 

Lacertilia. — Varanas,* 1, 

Olielonia. — (hlossodidys, 1; Eellia* 2; Damon in-,* 1; Kadiuga,* 3; 
Ei^deUa,* 1 ; Ji^rvyda,* 4 ; Trionyx,* 1 ; Chitra, 1. 

^ Falconer and Cautley, ‘Fauna Antiqua Sivalonsis,* 1845-49. ‘Geology of India,’ 
p. 860. Blanford, Brit 1880, p. 677 ; Address, GeoL SeeL Brit 1884. 

Lydekkor, ‘ Paljcontologia Iiidicoy’ scr. x. vols. i. ii. iii. ; Records Oeot Sfiiro. India, 1883, 

81 ; ‘Cat. Sewulik Vert. Ind. Mus.* 1885-86, and Catalogues of British Museum 
VOL. II 2 Q 
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Pisces. — Carclmriuti* 1 ; 1 ; Clarias* 1 ; Meterdbranchus^ 1 ; 

ChrysicMhys^ 1 ; Macron- 1 ; /f //,#,'• 1 ; Arius* 1 ; Bagaj'iiis* 1. 

In this list there is considerable resemblance to the grouping of mammalia in 
the Pikerrai deposits, particularly in the x>reponderance of large animals, the absence or 
rarity of the smaller forms (rodents, bats, insectivores), and the marked Miocene aspect 
of certain parts of the fauna. Of the total assemblage of vertebrates found at Pikermi 
eighteen genei*a, or considerably more than half, have been also obtained from the 
Siwalik series, including the peculiar and characteristic Eelladotlierium. Mr. Blanford 
and his colleagues of the Geological Survey of India have shown that, though it has 
been classed as Miocene, the Siwalik fauna has such relations to Pliocene and recent 
forms as are found in no true Miocene fauna.^ The large proportion of existing genera 
is the most striking feature of tlie assemblage. The preponderance of species 
belonging to such familiar genera as Maccicus, Ursios, Elephas, Eqtiim, Hippopotaims, 
Bos^ HystHx, Mellivora^ Mdcs, Capra, Camelns, and BJiizoimjs give the whole 
assemblage a singularly modem aspect. It should be added that, of the six or seven 
determinable reptiles, three are now living in noi-thern India ; that of the birds, one is 
probably identical with the living ostrich, and that all the known land and fresh-water 
shells, with one possible exception, are of existing species.^ 

North America. — The existence of marine deposits referable to the Pliocene period 
has now been ascertained both on the Atlantic and Pacific borders of the Unitedffetatcs. 
On the eastern side of the country they stretch from the Gulf of Mexico through the 
Oarolinas, and in scattered patches as far as Yiiginia. They are best seen in Florida, 
which appears to have been still under water during Pliocene time. Hence they have 
been classed as the Floridian aeries, in which have been recognised — (a) a lower group 
(Caloosahatchie, Waccamaw), and (5) an upper group, variously tenned De Soto and 
Croatan. Higher still comes the Lafayette group, including the Lagrange beds, 
Orange sand, &c. Among the prevalent species of the Floridian series are Ostrea 
rmridmialis, Plkcdula ramosa, Bectcn ioTadimis, Area liemsa, PectunculuB undatus^ 
P. peatimtiis, Crassatella Gibbesii, Vmi&s latiliratxi, Terehra disloeata, Coims Agassizii, 
Oliva literata, Nassa obsoUta, AT, acuta, Crepklula foimicata. In the Waccamaw or 
older part of the series the proportion of living species is about 70 per cent, while in 
the younger or Croatan beds the proportion is more than 83 per cent.® On the Pacific 
coast, owing to the greater amount of uplift in the later part of the Tertiary period,^ a 
more ample development of Pliocene deposits has been exposed, upwards of 5000 feet 
of strata of this age being visible in the San Francisco peninsula. This enormous 
thickness of sediment, unparalleled, bo far as known, among strata of this ago 
elsewhere in the New World, is visible on the sea- cliff (720’ feet high) which 
extends for a few miles south of Lake Merced. The rocks, which have there 
been tilted generally at high angles in a monoolinal fold, consist chiefly of soft 
grey sandstones and sandy shales, with frequent hard shell -beds and seams of 
pebbly conglomerate. These sediments were probably accumulated to so exceptional 
an extent as a kind ’of local or delta accumulation. At their base, which rests 
unconformably on Mesozoic rocks, lies a band of carbonised vegetation, with cones of 

^ Some doubt rests on the horizons Irom which many of the described Siwalik fossils 
were obtained. If the exact positions were ascertained, it would probably be found that 
there is less commingling of Miocene and Pliocene types than appears from the lists, and 
that the older types have really, to a greater or less extent, been derived from earlier parts 
of the formation than the younger types. 

3 Blanford, Brit. Assoc. 1880, p. 678, and 1884, Address. 

® W. H. Dali. Trans. Wagner Inst. Philadelphia, iii. Part ii. (1892), p. 216. 

^ Pliocene fossils are reported to have been found in indurated material at heights of 
2600 feet in the Monte Diablo range, and at 6000 feet near Mount St. Elias (BidL U.S G, S. 
No. 84, p. 271). 
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Pmtcs insigniSf which, is now found growing only at Monterey. Higher up, marine 
shells are abundant, a large proportion belonging to still living species, such as Chionc 
sitcchitaj Area schizotoma, Mytilm edulis, Venericairdia mnirieosa^ Solen sicarius, 
Siliqua patvZa, Nassa fossata, N. mc^iidiea, Pm^pura c^'ispata^ Mneoma namta^ M. 
edulis, A stratum full of tree-trunks lies about the middle of the series, but marine 
shells are found above it.^ Farther south on the coast, at San Pedro, near Los Angeles, 
an important display of Pliocene strata, graduating upward into the Pleistocene 
series, has been recently studied by Messrs, Arnold. The Pliocene portion of the 
section appeai-s to vary from 60 to 180 feet in thickness. It consists of brown 
argillaceous sandstones, containing TJiyasira {Cryptodon) bisect a, Pcctm caurinus, P. 
Iiericeus, P, expamus, Lueina acatilineataf Panomya ainpla, Natica clausa, several 
species of Trophon and northern Plcurotomidss — the whole fauna containing 12 per cent 
of extinct species, and presenting a general resemblance to that which is living now at 
a depth of 20 to 50 fathoms off the coast at San Pedro. ** Marine Pliocene deposits 
appear to bo but poorly represented north of California, until we reach Alaska, where 
their presence has been recognised.'* 

In the interior of the continent no corresponding marine foi'mations are found, but 
the series of subaerial, lacustrine, and fiuviatile deposits of the previous Tertiary periods 
is continued. Two horizons have been recognised among these deposits which are 
referred to the Pliocene period. What is regarded as the older group (Palo Duro or 
Goodnight beds) is found in Texas, lying unconformably on a part of the Loup Pork 
series (p. 1273). It contains a fauna which, except for the presence of Equals, corresponds 
with that of the later Loup Pork beds, which, as already stated, may perhaps be 
Pliocene. Among the scanty remains are those of a rhinoceros {Aphelops) and a 
number of horses {Protohippus, PlioMppiis, Mqutis), Of later date are the lacustrine 
clays and sands (160 to 200 feet thick) of western Texas and part of Oklahama, known 
as the Blanco stage. Tliese have yielded the carnivores Oanimartes, Borophagvs, and 
Felis; the edentate MegaZomjx; the proboscidians and Tetrahelodon ; three 

species of Equus ; and the camel Pliauchenia,^ 

Australia. — In New South Wales, during what are supposed to correspond with 
the later Miocene, Pliocene, and Pleistocene periods, the land appears to have been 
gradually rising and to have been exposed to prolonged denudation and, in the Middle 
Pliocene period, to great volcanic activity. Hence successive fluviatile terraces w^ere 
formed and eroded in the valleys, and were in many cases buried under great streams 
of lava. It is in these buried river-beds that the “ deep-leads” lie, from which such large 
quantities of gold have been obtained. They have preserved with wonderful perfection 
remains of the flora and fauna of the period. Among the plants are large trunks, 
branches, and fruits of trees, and also ferns. With these are associated fresh-water shells, 
traces of beetles, and bones of a number of extinct marsupials, some of which were 
distinguished by their great size. One of the most abimdant and remarkable of these 
creatures was the Liprotodon, which attained the bulk of a rhinoceros or hippopotamus. 
Another is the Notoihermm, probably somewhat like a large tapir, of which three 
species have been named. An extinct gigantic kangaroo {Macrop'iis Titan) had a skull 
twice as long as that of the largest living species. There were also wombats (Phascolomys), 
and a marsupial lion {Thylacoleo), with the marsupial hytena {Thylacinus), and Sarco- 


^ A. C. Lawson, “ The Post-Pliocene Diastrophism of the Coast of Southern Califomia,’ 
Bull, Oeol, Vniv, Oedifornia, i. No. 4 (1893), p. 142. Other writers regard the upper part 
of the Metced series as probably Pleistocene (G. H. Ashley, Proc, Calif orii, Acad. Set. v. 
(1895), p. 312). 

^ D. and R. Arnold, Joum. Ueol, x. (1902), p. 117. 

® W. H. Dali and G. D. Harris, Btdl. U,8. O. 8. No. 84 (1892), p. 232 and map. 

^ W. D. Matthew, BuU. Am&r, Mus, Not. Hist. xii. (1899), p. 76. 
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jihUvjs or “ devil,’* which still live in Tasmania. To these may be added the Dromomis 
— a large bird represented now by the emu.^ 

In Victoria a younger Tertiary series overlies the older volcanic rocks referred to on 
]). 1274, and is likewise associated with newer volcanic ejections. It includes both 
marine and fluviatile deposits. The marine group, with species of Trigonia^ HaHotis^ 
C&rithmm^ Wcddheimm, &c., is found up to heights of 1000 feet above sea-levol. The 
fluviatile deposits, besides auiiferous gravels, include also beds of lignite with abundant 
remains of terrestidal vegetation, and have yielded remains of Diprotodon^ PhascolomjfSj 
Thylacoleo, Macropits, Procoptodoii^ DasyuruSy HypsipHmnuSi Canis dingo, &c. Vast 
sheets of basaltic and doleritic lavas have overspread the plains and filled up the 
Pliocene river-beds. ^ 

In Queensland the presence of Tertiary rocks is inferred rather than proved. But 
from the similarity of the volcanic rocks of that colony to those of Victoria and New 
Bouth Wales, it is believed that^the older and newer volcanic groups which have been 
established are likewise of Tertiary age.'-^ 

New Zealand. — Deposits referable to the Pliocene division of the geological record 
play an important jiart in the geology and industrial development of New Zealand. 
According to Sir J. Hector, they belong to a time when the land was much more 
•extensive than it now is, and when in the North Island volcanic action reached its 
greatest activity. They constitute the Wanganiii system of Captain Hutton.* From 
70 to 90 per cent of their mollusca are of still living species. In addition to this largo 
percentage, the formation may be recognised by Trophon e.tpansu>s, Pl&wrotonm wan- 
■ganuiffrisis, Troehns coniciLS, Leivtcdium nmvim, Mer&trix as&imiUs, Ostrca corrngata, 
Troehocyathns quinariits, Mahelluon mgidostm. In the South Island the Pliocene 
.strata are to a large extent unfossiliferous gravels, such as those of the Canterbury ^ 
Plains and the Monteri Hills, in Nelson, which were derived from the mountainous 
interior. That considerable terrestrial disturbance took place during and subsequent 
to the deposit of the Pliocene series is shown by the disturbed and elevated positions 
of the beds in some places. Here and there the marine strata have been raised to a 
keight of 300 feet (near Napier to more than 2000 feet) above the sea without dis- 
turbance of their horizontal position ; but elsewhere they have been completely over- 
turned. The economic importance of these deposits arises mainly from their yielding 
the richest supplies of alluvial gold.** 


Part V. Post-Tertiary or Quaternary. 

This portion of the Geological Record includes the various superficial 
-deposits in which nearly all the mollusca are of still living species. It is 
usually subdivided into two series : (1) an older group of deposits in 
which many of the mammals are of extinct species, — to this group the 
names Pleistocene, Post-Pliocene, and Diluvial have been given ; and (2) 
a later series, wherein the mammals are all, or nearly all, of still living 
species, to which the names Recent, Alluvial, and Human have been 
assigned. These subdivisions, however, are confessedly very artificial, 
and it is often exceedingly difldcult to draw any line between them. The 
names assigned to them also are not free from objection. The epithet 

^ C. S. Wilkinson, ‘Notes on Geology of New South Wales,’ Sydney, 1882. # 

^ R. A P. Murray,.* Geology of Victoria,’ p. 113. 

® These volcanic accumulations are extensive and of great interest. They .have been 
described by Mr. R. L. Jack in the ‘Geology and Palceontology of Queensland,* chap. xxxv. 

^ Hector, ‘Handbook of New Zealand,’ p. 26 ; Hutton, Q. J. r;. S, 1886, p. 211. 
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“ human,” for example, is not strictly applicable only to the later series 
of deposits, for it is quite certain that man coexisted with the fauna of 
the Pleistocene series. 

In Europe and North America a tolerably sharp demarcation can 
usually be made between the Pliocene formations and those now to be 
described. The Crag deposits of the south-east of England, as we have 
seen, show traces of a gradual lowering of the temperature during later 
Pliocene times, and the same fact is indicated by the Pliocene fauna and 
flora on the Continent even in the Mediterranean basin. This change 
of climate continued until at last thoroughly Arctic conditions prevailed, 
under which the oldest of the Post-Tertiary or Pleistocene deposits were 
accumulated in northern and central Europe, and in Canada and the 
northern part of the United States. 

It is hardly possible to arrange the Post-Tertiary accumulations in a 
strict chronological order, because we have no means of deciding, in 
many cases, their relative antiquity, seeing that as a rule they occur in 
scattftped areas, and not clearly superposed on each other. The order in 
which they are classified has often been determined by theoretical conr 
siderations, which are always subject to revision. In the glaciated regions 
of the northern hemisphere the various glacial deposits are gi'ouped as 
the older division of the series under the name of Pleistocene. Above 
them lie younger accumulations, such as river-alluvia, peat-mosses, lake- 
bottoms, cave-deposits, blown-sand, raised lacustrine and marine terraces, 
which, merging insensibly into those of the present day, are termed 
Eecent or Prehistoric, 

Section i. Pleistocene or Glacial. 

§ 1. General Characters. 

Under the name of the Glacial Period or Ice Age, a remarkable 
geological episode in the history of the northern hemisphere is denoted.^ 

^ No section 'of ‘geological history now possesses a more voluminous literature than the 
Glacial Perioil, especially in Britain and North America. For general information the 
student may refer to Lyell’s ‘Antiquity of Man.’ J. Geikie’s ‘ Great Ice Age,’ ‘Prehistoric 
Europe,’ Address to Geological Section of British Association, 1889, and paper in Trans. Roy. 
Sot\ Pklin. xxxvii. Parti. (1893), p. 127. J. Croll’s ‘Climate and Time,’ ‘Discussions on 
Climate and Cosmology.’ Professor Bouncy’s " Ice-Work, Post and Present,’ p. 189. A. Penck, 
‘ Vergletscherung der Deutschen Alpen,’ 1882. A. Penck, B. Bi-iickner, and L. du Pasquier, 
“ Ije yystiune Glaoiaire des Alpes,” Ball. Soc. Sci. NcU., NeuchiUel, xxii. 1894. A. Penck 
and K. Briickner, *Die Alpen iin Eiszoitnlter,* 1901, 1902 seq. J. Partsch, ‘Die Gletscher 
der Vorzeit in don Kaniathen, 1882. A. Pavre, ‘Cai’te des Anoiens Glaciers de la 
Suisse, &c.,’ Geneva, 1884. A. Baltzcr, ‘Der diluvialo Aargletsoher,* Bemo, 1896. A. 
Falsan and B. Ohantre, ‘ Ancieiis Glaciers, &c., de la partie moyenne du Bassin du EhOne,' 
1879, an^ for detailed descriptions, to the Quart. Jovrn. (fed. Soc.; (Jeol. Mag.; J^eitsdi. 
Bmfseh. (fed. (fes.; Jahrh. Prems. OeoL La’ixdesanM. ; GeoJ. FOren. Stoclchohn ; Anier. 
Joimi. Science; Anmued Reports TT.S. Geol. Surv.; Bull. Amer. Geol. Soc-.; American 
Geologist ; and Jonm. Geol. for the last twenty or thirty years. Some of these and other 
wxitings arc cited on later pages. For the American literature see more particularly 
p. 1340, seq. 
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The gradual refrigeration of climate at the close of the Tertiary ages 
{p. 1378) affected the higher latitudes alike of the Old and the New 
World. Some of the northern parts both of Europe and of North 
America appear to have stood higher above sea-level than they do now. 
Evidence, indeed, has been brought forward in support of the view that 
in some regions the land must have been greatly more elevated and 
extensive during the maximum glaciation than it is now. Thus from the 
floor of the Atlantic around the coasts of Scandinavia, the Faroe and 
British Isles, dead littoral shells have been di*edged up in depths of 
between 100 and 300 metres, and the conclusion has been drawn from 
them that the general level of the sea-bottom at the time when these 
mollusks lived was 100 to 300 metres higher than at pi'esent. Still 
more striking, however, is the inference deduced from the distribution of 
the dead shells of the so-called Yoldia-clay over the bottom of the North 
Atlantic. These shells now live in the high Arctic seas at depths of 
from 5 to 15 fathoms, but numerous dead specimens of them have been 
dredged from depths of from 500 to 1333 fathoms. It seems difficult 
to account for their presence by the drifting action of icebergs or of 
coast-ice, and the only other conclusion to which they point is that which 
Brogger, Nansen, and othei-s have adopted, that they indicate a former 
exceedingly arctic time when the surface of the lithosphere in the north- 
western part of the European region, whether land or sea-floor, stood at 
a height of at least 2600 metres above that which it now presents.^ 

As the cold increased the whole of the north of Europe came 
eventually to be buned under ice, which, filling up the basins of the 
Baltic and North Sea, spread over the plains even as far south as close 
to the site of London, and in Silesia and Gallicia to the 50th parallel 
of latitude. Beyond the limits reached by the northern ice-sheet, the 
climate was so arctic that snow-fields and glaciers stretched even over the 
comparatively low hills of the Lyonnais and Beaujolais in the heart of 
France. The Alps were loaded with vast snow-fields, from which enormous 
glaciers descended into the plains on either side, overriding ranges of 
minor hills on their way. The Pyrenees were in like manner covered, 
while snow-fields and glaciers extended southwards for some distance over 
the Iberian peninsula. In North America also, Canada and the eastern 
States of the American Union, down to about the 40th parallel of north 
latitude, lay under the northern ice-sheet. 

The effect of the movement of the ice was necessarily to remove the 
soils and superficial deposits of the land-surface. Hence, in the areas of 
country so affected, the gi'ound having been scraped and smoothed, the 
glacial accumulations laid down upon it usually rest abruptly, and without 
any connection, on older rocks. Considerable local differences may be 
observed in the nature and succession of the different deposits of the 

• 

^ See tlie evidence on this subject fully stated by Prof. Brogger in his ‘Oiu de 
Senglaciale og Postglaciale Nivaforandriuger i Kristiauiafeltet,” Btyrij. GeoL UtuicruOff,, No. 
31 (1900 and 1901). Proofs of the former greater height of the laud in western Europe 
and in eastern North America have long been recognised in the prolongation of fjords and 
land-valleys on the adjoining ocean-floor (ante^ p. 391). 
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Glacial Period, as they are traced from district to district. It is hardly 
possible to determine, in some cases, whether certain portions of the series 
are coeval, or belong to different epochs. But the following leading facts 
have been established. Pirst, there was a gradual increase of the cold, 
until the conditions of modern North Greenland extended as far south as 
Middlesex, Wales, the south-west of Ireland, and 50° N. lat, in Central 
Europe, and about 40° N. lat. in Eastern America. This was the cul- 
mination of the Ice Age, — the first or chief period of glaciation. Then 
followed an interval or interglacial period, during which the climate 
seems to have become much milder, though possibly Avith occasional 
returns of cold. This interlude was succeeded by another cold period, 
marked by a renewed augmentation of the snow-fields and glaciers, — a 
second period of glaciation. 

It has been maintained by some observers that as many as four or 
five distinct epochs of cold are included within the geological interval 
represented by the Pleistocene deposits. Other wiiters contend for the 
essenMal unity of the Glacial Period. The truth Avill probably be found 
to lie somewhere between the extreme views. As shown in the sequel 
{p. 1312), demonstrable proof has been obtained of at least one interglacial 
period ; and there may have been more than one advance of the northern 
ice into temperate latitudes. The interval or intervals of milder climate 
must have been of such pi'olonged duration that southern types of plant 
and animal life Avere enabled to spread northward and resume their 
former habitats.^ Eventually, however, and no doubt very gradually, 
after episodes of increase and diminution, the ice finally retired tOAvards 
the north, and Avith it went the Arctic flora and fauna that had peopled 
the plains of Europe, Canada, and New England. The existing snow- 
fields and glaciers of the Pyrenees, the Alps, and NorAvay in Europe 
and of the Rocky Mountains in North America are remnants of the great 
ice-sheets of the glacial period, Avhile the Arctic plants of the mountains, 
which survive also in scattered colonies on the lower grounds, are relics 
•of the northern vegetation that once covered Europe from Norway to 
Spain. ' 

The general succession of events has been the same throughout all the 
European region north of the Alps, likewise in Canada, Labrador, and 
the north-eastern States, though of course with local modifications. The 
following summary embodies the main facts in the history of the Ice Age. 
Some local details are given in subsequent pages. 

Pre-glacial Land-Surfaces. — Here and there, fragments of the 
land over which the ice-sheets of the Glacial Period settled have escaped 
the general extensive ice-abrasion of that ancient terrestrial surface, and 
have even retained relics of the forest groAvbh that covered them. One 
•of the best-known deposits in which these relics have been preserved is the 
so-calleA “Forest-bed group’’ (p. 1286). Above that deposit, as abeady 
described, there is seen, here and there, on the Norfolk coast, a local or 

’ Those who wish to enter into this debated subject will find it discussed from opposite 
sides ill some recent papers by T. C. Chamberlin and Or. F, Wright in the Amn Joum, Sci. 
^1892, 1893), with references to other authorities. 
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intermittent bed of clay containing remains of Ai’ctic plants (Salic polaris, 
Befulct Qut 7 ia, &c., Fig. 490), together with the little marmot-like rodent, 
known as the souslik (Sj^evTticyjyliihs), These relics of a terrestrial 
vegetation are drifted specimens, but they cannot have travelled far, and 
they probably represent a portion of the Arctic flora which had already 
found its way into the middle of England before the advent of the ice- 
sheet. Judging from the present distribution of the same plants, wo may 
infer that the climate had become 20° Fahr. colder than it was during the 
tii^e represented by the Forest bed — a difference as great as that between 
Norfolk and the North Cape at the present day.^ 

The Northern Ice-sheets. — At the base of the glacial deposits 
the solid rocks over the whole of Northern Europe and America present 
the characteristic smoothed flowing outlines produced by the grinding 
action of land-ice (p. 550). The rock-surfaces that look away from the 



a h 


Fig. 4‘K),— Arctic Plants found in Glacial DoiMDsits. 
a, Salix polaris, Wahlenb. (S) ; Betula nana, Linn. ; c, Tjcnf of same, nliowing the size to which’ 
ib gi’ows in moro southern countries. 


quarter whence the ice moved are usually rough and weatherworn! 
(Leeseite), while those that face in that direction (Stoss -sei to) are all 
ice-worn. Even on a small boss of rock or on the side of a hill, it is 
commonly not difficult to tell which way the ice flowed, by noting 
towards which point the strife run and the rough faces look. Long 
exposed, the peculiar ice-worn surface is apt to be effiiced by the disinte- 
grating action of the weather, though it retains its hold with extra- 
ordinary pertinacity. Along the fjords of Norway, the sea-lochs of the 
west of Scotland, and the headlands of Labrador it may bo soon slipping 
into the water, smooth, bare, polished, and grooved, as if the ice had only 
recently retreated. Inland, where a protecting cover of clay or other 
supeiffcial deposit has been newly removed, the peculiar ice-worn surface 
may be as fresh as that by the side of a modern glacier. 

From the evidence of these striated rock-surfaces and the scattered 
blocks of rock that were transported to various distances, it has been 

^ C. Beid, llirrtjumtal. Section^ JSFo. 127 of Oml. and “Gwlogy of the Clountry 

around Oromer” (sheet 68 E.), in Mmoira of Ue.oL 1882. 
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ascertained that the whole of Northern Europe, Canada, and 
northern part of the United States was buried under one continuoiS^ 
mantle of ice. In Europe the southern edge of the ice-sheet must have 
lain to the south of Ireland, whence it passed along the line of the 
Bristol Channel, and thence across the south of England, keeping to 
the north of the valley of the Thames. The whole of the North Sea was 
filled with ice down to a line which ran somewhere between the coast of 
Essex and the present mouths of the Ehine, eastwards along the base of 
the Wosphalian hills, and round the projecting promontory of the Harz, 
whence it swung to the base of the Thuringerwald and struck eastwards 
across Saxony, keeping to the north of the Erz, Eieseii, and Sudeten 
mountains ; thence across Silesia, Poland, and Gallicia by way of Lemberg, 
and circling round through Russia by Kieff and Nijni Novgorod north- 
wards by the head of the Dvina to the Arctic Ocean. The total area of 
Europe thus buried under ice has been computed to have been not less 
than 770,000 square miles. 

OK’ing mainly to the direction of the prevalent moisture-bearing 
winds, the snowfall was greatest towards the west and north-west, and 
in that direction the ice-sheets attained their greatest thickness. Over 
Scandinavia, which was probably entirely buried beneath the icy 
covering, it was perhaps between 6000 and 7000 feet thick when at its 
maximum. Thence the sheet spread southwards, gradually diminishing 
in thickness. But from the striae left by it on the Harz, it is computed 
to have been at least 1470 feet thick where it abutted on that ridge. 
The Scandinavian ice joined that which spread over Britain, where the 
dimensions of the sheet were likewise great. Many mountains in the 
Scottish Highlands show marks of the ice-sheet at heights of 3000 feet 
and more. If to this depth we add that of the deep lakes and fjords 
which were filled with ice, we see that the sheet may have been as much 
as 4000 or 5000 feet thick in the northern parts of Bi’itain. 

This vast icy covering, like the Arctic and Antarctic ice-sheets of the 
present day, was in continual motion, slowly draining downwards to 
lower levels. Towards the west, its edge reached the sea, as in Green- 
land now, and must have advanced some distance along the sea-floor 
until it broke off into bergs that floated away northward. Towards the 
south and east it ended off upon land, and no doubt discharged copious 
streams of glacier-water over the ground in its front. In northern 
Germany, Denmark, Finland, and Scandinavia, the southern limits at 
which the ice rested a long while before retiring are indicated by long 
winding ramparts of detritus (Endmorane). In North America also, 
the southern edge of the ice-sheet is marked by similar “terminal 
moraines,” which are well displayed from Pennsylvania to Dakota. 

The directions of mpvement of the ice-sheets can be followed by the 
evidendfe (1st) of strim graven on the rocks over which the ice passed, 
and (2nd) of transported stones (“erratic blocks”) which can be traced 
back to their original sources. 

In Europe the great centre of dispersion for the ioe-diainage was the 
table-land of Scandinavia. As shown by the rock-strise in Sweden and 
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Norway, the ice moved off that area northwards and north-eastwards across 
northern ' Finland into the Arctic Ocean ; westwards into the Atlantic 
Ocean, south-westwards into the basin of the North Sea; southward, 
south-westward, and south-eastward across Denmark and the low plains 
of Holland, Germany, and Eussia, and the basins of the Baltic, Gulf of 
Bothnia, and Gulf of Finland. The evidence of the transported stones 
coincides with that of the striation, and is often available when the latter 
is absent. 

United with the Scandinavian ice, but having an independent system 
of drainage, was the ice-sheet that covered nearly the whole of Britain. 
The rock striae show that while it probably buried the country even 
over its highest mountain-tops, it moved outward from each chief mass 
of high ground. Thus, from the Scottish Highlands, which were the 
main gathering ground, it drained northward to join the Norwegian ice, 
and move with it in a north-westerly direction across the Orkney and 
Shetland Islands. Westward it descended into the Atlantic ; eastwards 
into the basin of the North Sea, to merge there also into the Scandinavian 
sheet and that which streamed oiF from the high grounds of the south of 
Scotland, and to move as one vast ice-field in a south-south-east direction 
across the north-east and east of England. Southwards it flowed into 
the basin of the Clyde and the Irish Sea, to unite with the streams 
moving from the south-west of Scotland and the north-west of England 
and Wales. The centre of Ireland appears also to have been an area 
from which the ice moved outwards, passing into the Atlantic on the 
one side and joining the British ice-fields on the other. 

It is when we follow the direction of the ice stiise, and see how they 
cross important hill mnges, that we can best realise the massiveness of 
the ice-sheet and its resistless movement. As it slid oft* the Scottish 
Highlands, for instance, it went across the broad plains of Perthshire, 
filling them up to a depth of at least 2000 feet, and passing across the 
range of the Ochil Hills, which at a distance of twelve miles runs 
parallel with the Highlands, and reaches a height of 2352 feet. Moun- 
tains of 3000 feet and more, mth lakes at their feet, 600 feet deep, have 
been well ice-worn from top to bottom. It has been observed that the 
striae along the lower slopes of a hill-barrier run either parallel with the 
trend of the ground or slant up obliquely, while those on the summits 
may cross the ridge at right angles to its course, showing a differential 
movement in the great ice-sheet, the lower parts, as in a river, becoming 
embayed, and being forced to move in a direction sometimes even at a 
right angle to that of the general advance. On the lower grounds, also, 
the striae, converging from different sides, unite at last in one general 
trend as the various ice-sheets must have done when they descended 
from the high grounds on either side and coalesced into one common 
mass. This is well seen in the great central valley of ScotlanA Still 
more marked is the deflection of the strias in the basin of the Moray 
Firth. Northwards they are turned in a N.N.W. direction across 
Caithness and the Orkney Islands, pointing to the influence of the more 
gigantic Scandinavian ice-sheet. On the south side of the basin they 
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run E. by S., until in the north-east of Aberdeenshire they swing north- 
ward under the sea. The strise that descend from the eastern and 
south-eastern Highlands bend round sharply to the N.N.E., as they 
approach the coast, with which they then run on the whole parallel, 
showing how the Scottish ice was pressed against the land by the large 
body which occupied the bed of the North Sea, and was here moving in 
a general northerly or north-westerly direction. To the south of the 
peninsula of Fife the striae begin to bend towards S.E. and continue 
that course past the Cheviot Hills into England. The great mass of ice 
which crept down the basin of the Firth of Clyde was joined by that 
which descended from the uplands of Carrick and Galloway, and the 
united stream filled up the Irish Sea and passed over the north of 
Ireland. At that time England and the north-west of France were 
probably united, so that any portion of the North Sea basin not invaded 
by land-ice would form a lake, with its outlet by the hollow through 
which the Strait of Dover has since been opened. 

Wiien this glaciation took place the terrestrial surface of the northern 
hemisphere had acquired the main configuration which it presents to-day. 
The same ranges of hills and lines of valley which now serve to carry off 
the riiinfall served then to direct the results of the snowfall seawards. 
The snow-sheds of the Ice Age probably corresponded essentially with the 
, water-sheds of the present day. Yet there is evidence that the coinci- 
dence between them was not always exact. In some cases the snow and 
ice accumulated to so much greater a depth on one side of a ridge than 
on the other that the flow actually passed across the ridge, and detritus 
was carried out of one basin into another. A remarkable instance of 
this kind has been observed in the north of Scotland, where so thick 
was the ice-sheet that fragments of rock from the centre of Sutherland 
have been carried up westward across the main water-parting of the 
coimtiy and have been dropped on the western side.’- 

In North America, also, abundant evidence is afforded of a northern 
ice-sheet which overrode Canada and the eastern States, southwards to 
about the 40th parallel of latitude in the valley of the Missouri. Several 
■ centres of dispersion have been noted from which this ice moved outward, 
chiefly in a general southerly direction, but in the middle part the ice 
streamed northward into the Arctic Ocean. The great mountain ranges 
farther south likewise nourished numerous valley glaciers, which radiated 
outwards from the high ground. Some further details regarding the 
areas covered by the ice, and the traces of glaciation are given at 
pp. 1328-1346. 

Beyond the limits of the northern ice-sheet, the European continent 
nourished snow-fields and glaciers wherever the ground was high enough 
and the snowfall heavy enough to furnish them. As already mentioned, 
the preeipitation of moisture during the Ice Age, as at present, was 
greatest towards the west, and consequently in the western tracts the 
independent snow-fields and glaciers were most numerous and extensive. 
Even at the present time, the glaciers of the western part of the Alpine 
^ Poacli and Horne, Brit Assoc, 1892, p. 720. 
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chain are larger than those farther east. At the time of the northern 
ice-sheet a similar local difference existed. The present snow-fields and 
glaciers of these mountains, large though they are, form no more than 
the mere shrunken remnants of the great mantle of snow and ice which 
then overspread Switzerland. In the Bernese Oberland, for example, 
the valleys were filled to the brim with ice, which, moving northwards, 
crossed the great plain, and actually overrode a part of the Jura 
Mountains; for huge fragments of granite and other rocks from the 
central chain of the Alps are found high on the slopes of that range of 
heights. The Khone glacier swept westward across all the intervening 
ridges and valleys, and left its moraine-heaps in the valley of the Ehone 
where Lyons now stands. At ^he same time the high grounds of the 
Lyonnais, Beaujolais, and Auvergne (lat. 45° S.) had their glaciers. 
Others flourished on the Iberian tableland, at least as far south as the 
basin of the Dom’o (lat. 41°). Eastwards in corresponding latitudes 
glacier relics become scantier and disappear. The Vosges possessed a 
group of glaciers which have left behind them some beautifully perfect 
moraines. Less extensive were those of the Black Forest, Sndetengebirge, 
and Carpathians. No trace of glaciation has been detected in the Mkans. 
A similar relation between snowfall and glaciation is traceable in North 
Ameiica, but there it is the eastern area which supported the massive 
ice-sheets, while the western plateaux and mountain-ranges, which were • 
probably then, as now, comparatively arid, had only valley-glaciors. 

That the ice in its march across the land striated even the hardest 
rocks by means of the sand and stones which it pressed against them, is 
a proof that, to some extent at least, the terrestrial surface must have 
been at this time abraded and lowered in level. How far this erosion 
proceeded, or, in other words, how much of the undoubtedly enormous 
denudation everywhere visible over the glaciated parts of the northern 
hemisphere, is attributable to the actual work of land-ice, is a })roljlem 
which may never be satisfactorily solved. There seems good ground for the 
belief that a thick cover of rotted rock — the result of ages of previous sul)- 
aerial waste — lay over the surface, and that the “glacial deposits” consist in 
great measure of this material, moved and reasserted by ice and water 
(pp. 458, 552). The land, as above remarked, hiid the same general 
features of mountain, valley, and plain as it has now, oven before the ice 
settled down upon it. But the prominences of solid rock reached liy 
the ice were rounded off and smoothed over, the pre-glacial soils with the 
covering of weathered material were in large measure ground up and 
pushed away, the valleys were con*espondingly deepened and wiVlened, 
and the plains were strewn with ice-borne d6bris. It is obvious that 
the influence of the moving ice-sheets has been far from uniform upoTi 
the rocks exposed to it, this variation arising from difibrences in the 
powers of resistance of the rocks, on the one hand, and in tho maws, slope, 
and grinding power of the ice on the other. Over tho lowlands, as in 
Central Scotland and much of the north German plain, tho rocks arc 
for the most part concealed under deep glacial debris. But in the more 
undulating hilly ground, particularly in the north and north-west, the 
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ice has effected the most extraordinary abrasion. It is hardly possible, 
indeed, to describe adequately in words these regions of most intense 
glaciation. The old gneiss of Norway and Sutherlandshire, for example, 
has been so eroded, smoothed, and polished that it stands up in endless 
rounded hummocks, many of them still smooth and curved like dolphins^ 
backs, with little pools, tarns, and larger lakes lying in basins of the bare 
rock between them. Seen from a height the ground appears like a 
billowy sea of cold grey stone. The lakes, each occupying a hollow of 
erosion, seem scattered broadcast over the landscape. So enduiing is 
the rock that, even after the lapse of so long an interval, it retains its 
ice- worn aspect almost as unimpaired as if the work of the glacier had 
been done only a few generations since.^ The abundant smoothed and 
stiiated rock-basin lakes of the northern parts of Europe and North 
America are a striking evidence of ice-action (pp. 552, 1386). The 
phenomenon of ‘‘ giants' kettles,” characteristic of many glaciated rock- 
surfaces (p. 551), is another mark of the same process of erosion. 

Ice-crumpled and disrupted Eocks. — While the general surface 
of the land has been abraded by the ice-sheets, more yielding portions of 
the rocks have been broken off, bent back, or corrugated by the pressure 
of the jKlvniiciiig ice (pp. 548, 669). Huge blocl^ 300 yards or more 
in length have been bodily displaced and launched forward on glacial 
detritus. Such are some of the enormous masses of chalk displaced 
*and imbedded in the drift of the Cromer* cliffs, and the transported 
sheets of Lincolnshire Oolite found in Leicestershire.® The laminse of 
shales or slates are observed to be pushed over or crumpled in the 
direction of ice movement. Occasionally tongues of the glacial detritus 
which was simultaneously being pressed forward under the ice have 
been intruded into cracks in the strata, so as to resemble veins of 
eruptive rock,^ 

Detritus of the Ice -sheet. — Underneath the great ice-sheet, 
and probably partly incoi*porated in the lower portions of the ice,^ 
there accumulated a mass of earthy, sandy, and stony matter (till, 
boulder-clay, “ grundmorane,” “moraine- prof onde,” “older diluvium”) 
which, pushed along and ground up, was the material wherewith the 
characteristic flowing outlines and smoothed, striated surfaces were 
produced.® This “glacial drift” spreads over the low grounds that 

^ Some of these roches moutonn^cs iu N.W. Scotlnud may be of Palieozoie age, and the 
ToiTidonian breccias which cover them have a aingiihwly “glacial” aspect (Mature, August 
1880, and ante^ p. 891). 

^ Mr. Fox Strangways has noticed one such sheet near Meltou which measures at least 
300 yards in length by 100 in breadth, but may extend beneath the boulder-clay to a 
greater distance. of (JeuL Sure. United Kh\jQi%(mv for 1892, p. 249. 

On the disruption of the Chalk below the Till of Cromer see C. Beid on “ Geology of 
Cromer,” OtoL Suro, 1882. For analogous phenomena at Mdens Klint, off the coast 
of Dcnmaik, see Johnstrup, Z. J). G. Q, xxvi. (1874), p. 533. Compare also H. Credner, 
oj). at. x.xxii. (1880), p. 76. F. Wahnschaffe, op. cit. xxxiv. (1882), p. 662. 

* Briickner, Penck's (feoffraphisclie Ahhtndl. Band I. Heft 1. 

^ As above suggested, the materials of the till, at least at the beginning, may have con- 
sisted largely of a layer of decomposed rock due to prolonged pre-glacial disiutegration. The 
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were buried under the northern ice-sheets, resting usually on surfaces 
of rock that have been worn smooth, disrupted, or crumpled by ice. It 
is not spread out, however, as a uniform sheet, but varies greatly in 
thickness and in irregularity of surface. Especially round the moun- 
tainous centres of dispersion, it is apt to occur in long ridges (“ drums, 
or “ drumlins ”), which run in the general direction of the rock-striation, 
that is, in the path of the ice-movement. It may be traced up many 
valleys into the mountains, underlying the moraines of the later glacia- 
tion. In other valleys, it has been removed by the younger glaciers. In 
most glaciated countries the boulder-clay is not one continuous deposit, 
but may be separated into two or more distinct foimations, which lie one 
on the other, and mark distinct and successive periods of time. 

In those areas which served as independent centres of dispersion for 
the ice-sheet, boulder-clay partakes largely of the local character of the 
rocks of each district where it occurs. Thus in Scotland, the clay varies 
in colour and composition as it is traced from district to district. Over 
the Carboniferous rocks it is dark, over the Old Eed Sandstone^ it is 
red, over the Silurian rocks it is fawn-coloured. The material of the 
deposit is generally an earthy or stony clay, which in the lower parts is 
often exceedingly compact and tenacious. The higher portions are 
frequently loose in texture, but alternations of hard tough clay and more 
friable material may be met with in the same deposit. In general, 
boulder-clay is unstratified, its materials being irregularly and tumultu- * 
ously heaped together. But rude traces of bedding may not infrecpiently 
be detected, while in some cases, especially in the higher clays, distinct 
stratification or intercalated seams of sand or gravel may bo observed. 

The gi*eat majority of the stones in boulder-clay are of local origin, 
not always from the immediately adjacent rocks, but from points 
within a distance of a few miles.’ Evidence of transport can bo gathered 
from the stones, for they are found in almost every case to include a pro- 
portion of fragments which have come from a distance. The direction 
of transport indicated by the percentage of tiuvelled stones agrees with the 
traces of ice-movement as shown by the rock-striso. Thus, in the lower 
part of the valley of the Firth of Forth, while most of the fragnionts 
are from the surrounding Carboniferous rocks, from 5 to 20 ])(*r cent 
have come eastward from the Old Red Sandstone range of tln^ Ocliil 
Hills — a distance of 25 or 30 miles ; while 2 to 5 per cent are pi(u<(‘s of 
the Highland rocks, which must have come from high grounds at b^ast. 
50 miles to the north-west. The farther the stones in the till have 
travelled, the smaller they usually are. As each main mass of elevated 

manner in 'wliicli the glaciers of Spitzhergeu and Greenland involve and i)rusH forward and 
upward the detritus beneath them, has been described at pp. 544-.^)'18. That tlic ice can 
override soft deposits without displacing them, has been noticed in AlaKla^ and a rcniarkaidc 
example of the occasional and sometimes extensive preservation of undiHiurbcd^ltxtsti prc^ 
glacial deposits under the till is presented by the “Forest-bed" group, which has i'scapcMl 
for so wide a space under the Cromer cliffs, with their proofs of enormous ice ni()V(‘mcnt. 

^ See R. D. Salisbury, “Tlie Local Origin of Glacial Drift," Jnuni. GtvL viii. (I DOC), p, 
426. This general local origin is os marked in Canada and the Uiiittid States as hi Ktirope. 
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gi’ouiid seems to have caused the ice to move outward from it for a 
certain distance, until the stream coalesced with that descending from 
some other height, the bottom-moraine or boulder-clay, as it was pushed 
along, would doubtless take up local debris by the way, the detritus of 
each district becoming more and more gi’ound up and mixed, until of the 
stones from remoter regions only a few harder fragments might be left. 
In cases where no prominent ridges interrupted the march of the ice- 
sheet, and whore the ground was low and covered with soft loose 
deposits, blocks of hard crystalline rocks might continue to be recognis- 
alde far from their source. Thus in the stony clay and gravel of the 
plains of Northern Oonnany and Holland, besides the abundant locally- 
derived detritus, fragments occur which have had an unquestionably 
northern origin. Some of the rocks of Scandinavia, Finland, and the 
Upper Baltic are of so distinctive a kind that they can bo recognised in 
small pieces. The peculiar syenite of Laurwig, in the south of Norway, 
has been found abundantly in the drift of Denmark; it occurs also 
in that of Hamburg, and has been detected even in the boulder-clay 
of thcflolderness cliffs in Yorkshire. Tlie well-known rhombcnporphyiy 
of Southern Norway has likewise been recognised at Cromer, in Holdor- 
ness, and around Oanibridgc. Fi*agmcnts of the Siluiiau rocks from 
(Gothland, or from the Kussian islands Dago or Oosel, are scattered 
abundantly through the drift of the North Gorman plain, and have been 
•mot with as far as the north of Ilollund. Pieces of granite, gneiss, 
various schists, porpliyi'ies, and other rocks, probably from the north 
of Europe, occur in the till of Norfolk.^ Tliese transported fragments 
arc an impresHive testimony to the movements of the northern ice. No 
Scandinavian blocks have been met with in Scotland, for the Scottish 
ic<^ was massive enough to move out into the basin of the North Sea, 
until it met the northern ice-shoet streaming down from Scandinavia, 
whicli was thereby kept from reaching the more nortlierly parts of 
Englau<l. 

Tlic stones in bouldor-clay have a characteristic form and surface. 
They are usually oblong, have one or more fiat sides or “solos,** are 
smoothed or polished, and have their odgoa worn round (Pig. 159). 
Wlicre they consist of a fine-grained enduring rock, they are almost 
invariably striated, the strim running on the whole with the long axis of 
the stone, tliough one sot of semtehes may bo scon crossing and i)artially 
effacing anotluir, which w<uild necessarily happen as the stones shifted 
tluiir position under the ie(5. These markings are precisely similar to 
those on tlio solid rocks undernoiith the bouldor-clay, and have manifestly 
b<*(m produced in the same way by the mutual friction of rocks, stones, 
and grains of san<l iia the whole mass of diSbris was being stemlily pushed 
on in one general direction. 

As above remarked, bouldor-clay is not always a single continuous 

* Thcfle (irmticM, iVoiu iwlro^mnUical clmnwtvrH, to mo to bo certainly not 

from Scotlami. IIimI that Ikjou their BOimic they could not have failed to ho accoiu- 
pauied by al)undaut friijjmctits of tlio r<wkH of the Kouth of Wootlaml, which arc fouspicuously 
ub«out. See V. MiuIhcij, Q. X G, *Sl xli.x. (1893), p. 114. 
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deposit. On the contrary, when a sufficiently large extent of it is examined, 
evidence can commonly be found of two or more distinct divisions. 
These are separable from each other by differences of colour, composition, 
and texture, sometimes by an intercalated deposit of another kind. An 
attentive study of them shows that they have been formed successively 
under ice-sheets moving often from different directions and transporting 
different materials. Their limits of distribution also vary, the lower and 
older subdivisions extending farther south and spreading over a wider 
area than the upper. 

It has occasionally happened that during the movements of the ice a 
series of boulders near each other and about the same general level in the 
boulder-clay have been all scored and striated in the same direction. 
Such “striated pavements” were first noticed in Scotland by Milne Home 
and Maclaren,^ and afterwards by Hugh Miller and others. They prob- 
ably indicate intervals during which the ice may have been stationary 
or even retreated, and after which it again advanced, ploughing its way 
through the overlying detritus down to the platform on which these 
boulders had been deposited. • 

The boulder-clay has been regarded as a characteristically unfossili- 
ferous deposit. In maritime districts, indeed, it has long been known to 
contain broken marine shells, and as the harder fragments of these shells 
are often striated, the opinion has gained ground that their presence 
proves the ice-sheet to have crossed parts of the sea-bed and to haver 
ploughed up the sea-floor. Further research in recent years, however, 
has shown that minute marine organisms are much more widely dis- 
tributed in the deposit than had been believed. Foraminifera havo been 
obtained from the clay from a wide region of Scotland at all heights up 
to 1061 feet above the sea. Similar microzoa have been obtained from 
the boulder-clays of the west of England, while in Canada they havo been 
found in boulder-clay at heights of 1850 and 1900 feet near Victoria on 
the Saskatchewan river, far in the heart of the continent.^ The question 
of the extent of the glacial submergence is discussed at p. 1317. 

Interglacial beds. — That the deposition of boulder-clay was 
interrupted by milder intervals, when the ice,’ partially at least, retreated 
from the land and allowed trees and other vegetation to grow up to 
heights of 800 or 900 feet above the sea, was first proved for Britain by 
-observations at Chapel Hall, Lanarkshire.® During the forty years 
which have intervened since these observations were published, a large 

1 D. Milne Home, !Pmns. IL S, Edvn, xiv. (1838), p. 310 ; C. Mnclnrcii, ‘Geology of Fife 
and the Lothians,* 1839 ; Hugh Miller, ‘Geology of Edinburgh and its Neighbourhood,* p. 
35 ; Hugh Miller (son), JProc, Itx>y. Phys, Soc, EtUtu vii. (1884), pp. 156-189. Au instance 
from Wilson, New York, is described by Mr. G. K, Gilbert, Joum, Qml. vi. (1898) p. 771, 
who supposes that the boulders were pressed into their present positions by the later eroding 
iee-sheet. 

2 See, for Scotland, J. Wright, Trans. Gml. Soc. Glasgow^ 1894, pp. 263, 27^; J. Smith, 
BtU. Assoc. 1896. For west of England, T. M. Reade, Ueol. Mag. 1892, p. 310 ; 1896, 
p. 642 ; Proc. Liverjgool UeoL Soc. 1893, p. 86 ; 1899, p, 360 ; Q. J. G. S. liii. (1897), p. 341. 
For Canada, G. M. Dawson, Joum. Qeol. 1897, p. 267. 

® A. G. Trans. Qeol. Soc. Glasgow, vol. L Fart iL (1863). 
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amount of adJitioiuil information on this subject has been collected in the 
British Islands, on the continent of Europe, and in North America. The 
boulder-clays are now well known to be split up with inconstant and 
local stratifications of sand, gravel, and clay, often well stratified, pointing 
to conditions quite distinct from those under which ordinary boulder-clay 
was accumulated. These intercalations have been recognised as bearing 
witness to intervals when the ice retired and when ordinary water-action 
came into play over the ground-moraine thus exposed. Much controversy, 
however, has arisen as to the chronological value to be assigned to these 
intervals. To some geologists the intercalations in the boulder-clay 
appear to indicate little more than seasonal vacations in the limits and 
thickness of the ice-sheets, such as now affect the glaciers of Scandinavia 
and the Alps. To others, again, they furnish proof of successive inter- 
glacial periods by which the long Ice Age was broken up. Thus Pro- 
fessor James Geikie, recently reviewing the whole evidence on the 
subject, has come to the conclusion that there were really in Europe six 
glacial intervals embraced within what is called the Glacial Period, 
separated from each other by five interglacial periods of mild tempera- 
ture. These he aiTanges and names as in the subjoined table : ^ — 

11. Upper Turbariiiu or 6tli Glacial Epoch, aidicated hj’’ the deposit of peat •which 
underlie the lower raised beaches. 

1(J. Upper Forestiau or 6th Interglacial Ei^och, shown hy a hmied forest, with a 
fauna and flora indicative of a temperate and dry climate. 

9. Lower Tiirbarian or 6th Glacial Epoch, represented by certain peat deposits 
overlying the lower Porest-hed, by the OiU*se-clays and raised beaches of Scot- 
land, and in part by the /"/" ‘ • Scandinavia. 

8. Lower Forestiau or 4th ' ”.'i r.*-- !i. embracing the great fresh- water 

lake of the Baltic area ■ 'h- . -.lie lower forests under peat bogs, 

jiud the */■'-» 1 -v .liuavia in part. 

7. Mecklenburg. r I. r.[f ; espi-t inlly dNnl.jycd in lln* u"rouiid-moraines 

and terminal moraines of the lost great Hal lie glacier, which reaeli their southern 
limit ill Mecklenburg; to the same stage are assigned the Yitfdia-hedfi of 
ScaudinaWa and the 100 feet temice of Scotland. 

6. Neudeckiaii or 3rd Interglacial Epoch, represented by marine and fresh-wator 
deposits between the 1 ‘■-d-iy* of the southern Baltic coast-lands. 

6. Polaiidiaii or 3i’d Glacial r. ■»:’e8onted by the glacial and fluvio-glacial 

accumulations of the minor Scaiidmaviau ice-sheet, and the Upper boulder- 
clay ” of uorthem and western Europe. 

4. Helvetian or 2nd Interglacial Epoch, represented by the lignites of Switzer- 
land, tlie interglacial 1)eds of Britain, &c. 

3. Sa.voniau or 2iid Glacial B])och, including the accumulations of the peTio<l of 
maxim mn glaciation, w'hen the northern ice-sheet extended to the low gi'ounds 
of Saxony, and the Alpine glaciers formed the moraines of the outer zone. 

2, Norfolkian or 1st Interglacial Epoch, tyi)ically represented by the Forest-hed 
series of Norfolk. . 

1. Scaiiiau or 1st Glacial Epoch, represented only in the south of Sweden (Scania), 
which was overridilon by a large Baltic glacier. To this period may belong the 

^ iii. (1895), p. 241. This olassifioatiou is here given tis an illustration of the 

more detailed schemes of subdivision which have been proposed. But its applicability to the 
north of Europe has been called in ({uestion. Professor Keilhock and his colleagues on the 
Prussian Geological Survey arc of opinion that the groun<l-moraine called the Upper boulder- 
clay shoN^a no proof of belonging to more than a single ico-opoch (ojp. ciL v. (1897), p. 118), 
while N. 0. Holst maintains that there has been only one glacial period in Sweden {Sheriff. 
Ge.ol. UntWsoff. sor. C. No. 1.61, 3895 ; translated into German by Dr. W. Wollf, Berlin, 
.L Springer, 1899). 

VGL. II 2 R 
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Chillesford Clay and Weybourn Crag of Norfolk, and tlie oldest toruiiiial 
moraines and fliivio-glacial gravels of the Arctic lands. ^ 

Much difficulty in forming definite conclusions as to the importance 
of these obvious interruptions in the deposition of the boulder-clay 
arises from the absence of continuous sections wherein the order of 
succession of the several stages of the glacial history can be demonstrated 
by visible relations of superposition. A section at one locality has to be 
correlated with another at a greater or less distance, and assumptions 
have to be made as to the identity or difference of the various deposits. 
The evidence of fossils can hardly be said to be available, for it is so 
fragmentary as to have given hitherto little aid in determining the 
chronology of the deposits in which it occurs. The most successful effort 
to utilise the marine shells of the late glacial and post-glacial deposits 
for purposes of stratigraphical subdi\dsion and correlation is that of 
Prof. Brogger in the Christiania district.^ 

The existence of two distinct deposits of boulder-clay, which has 
been found to be so widely recognisable, with an intervening group of 
sands, gravels, clays, and peat-beds, may be taken to afford good pfbof of 
two advances and retreats of the ice-sheets, vdth an interval of milder 
climatal conditions between them. The lower bouldei'-clay probably marks 
the greatest extent of the ice. The upper boulder-clay shows that 
though the ice on returning attained huge dimensions and formed con- 
tinuous ice sheets over much of Northern Europe, it did not descend as far • 
as at first. Yet while these two main epochs of maximum cold appear to 
be satisfactorily established, there seems no reason to doubt that each of 
them may have included minor fluctuations in temperature or in snowfall, 
so that the ice-sheets may have alternately or intermittently advanced and 
retreated over considerable tracts of country. The ground-moraine, when 
thus laid bare, may have been reassorted by water, arising from the melt- 
ing of the ice or of snow, so that as the ice once more moved forward, it 
here and there pushed its detritus over the aqueous deposits of the milder 
interval. But the contrast between the lower and upper boulder-clay in 
composition and extent shows that the interval which separated them 
was probably of prolonged duration. That there is here evidence of at 
least one important interglacial period is generally, though not universally, 
admitted. But many able observers do not consider that the evidence at 
present known warrants us to advance further, and they refuse to recognise 
the multiplication of such periods as has been proposed. It certainly 
seems safer, when the scattered state and uncertainty of the correlation of 
the deposits are considered, to suspend judgment on this subject and to 

1 Professor Chamljerlm has proposed an analogous classification of the glacial deposits of 
the United States, recognising an alternation of glacial and interglacial epochs, Joum. Geol. 
iii. p. 270. The attention of the student should he directed to the xisk of error from the 
tendency of superficial glacial deposits to slip, and thus to overlie more i-ecent deposits, and 
produce a deceptive appearance of interglacial alternations. Mr. Clement Reid hM pointed 
out that some supposed interglacial peat-heds contain the seeds of introduced and cultured 
plants, and cannot therefore, as now exposed, be of the age claimed for them, OeoL Mag, 
1895, p. 217. a Cited on p. 1302, 
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Le content mtli the recognition nieanwhile of one great interglacial pkiod. 
The best evidence for such a period is supplied by layers of sand, gravel, 
or stratified clay intercalated in the boulder-clay or moraine deposits, and 
accompanied with beds of peat or lignite, and an association of the 
remains of terrestiial plants and animals, sometimes with fresh-water 
shells. Such intercalations are widely distributed between the lower and 
upper boulder-clays of Britain, and in the older moraine series of 
Switzerland. Obviously, however, deposits of the same age may survive 
outside the glaciated regions, though there may be no very reliable means 
of establishing their correlation. Thus the older alluvial terraces of the 
south of England and north-west of France, with their remains of extinct 
mammals and human implements, have been regarded as equivalents of 
some of the interglacial deposits. 



Fig. 401.— Mannnoth ju’im’nipuius) 

From tUo skt'lotou in tUo Mmsue. lloyal, UruHRelH (inuoli mluceil). 


Flora and Fauna of the Glacial Period. — As great oscillations of 
climate took place during the Ice Ago and in some cases probably lasted 
for a long time, the plants and animals both of land and sea could hardly 
fail to be sctiously affected. During the cold intervals northern forms 
would probably migrate southwards, and in the warmer episodes southern 
forms would push their way northward. Among the distinctively Arctic 
or northern plants nniy bo cited Salix polari% S, reticukitft, Jktula mna, 
J)ri/as octopdda^ and numerous mosses, such as Bri/um laendro. and Ihjpmm 
mUichrouni. The Arctic terrestrial animals include the mammoth (Fig. 
491), woolly rhinoceros, musk-sheep (Fig. 492), reindeer (Pig. 496), Arctic 
fox, and lemming. 

The marine invertebrate fauna shared, though in a less degree, in the 
effects of the meteorological and geographical changes. During the times 
of great ^old northern species found their way southwards, some of them 
even as far as the basin of the Meditonunean. Mollusks and foniminifera, 
now only living in high Arctic seas, then flourished abundantly over the 
submerged south of Norway, such as Pecten isUiidiim, Portlandia (Yoldia) 
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arctica^ Kuculana (Leda) permki, Tellim {Macorna) mlcarea { — lafu\ SaAcara 
arctica, Poln^^UjineUa arctica. Among the immigrants into Britain were Feden 
islamlicns, Tellina {Macama) calmrea, Fortlandm {Yoldia) ardica, and a 
number of others (Fig* 494). These flourished while the cold lasted, but 
were eventually killed off as the temperature rose, and are now restncted 
to Arctic waters.^ The marine vertebrate fauna was characterised by 
the presence of species which have long retreated to the far north, such 
as the Arctic seals, whales, morse, and others. Thus from the higher 
raised beaches and glacial brick clays of Scotland the remains of the 
Arctic floe-rat (Phoca liispida) have been obtained at a number of places.- 

During interglacial conditions the climate in the northern parts of our 
hemisphere was probably more equable and mild than at present, with a 
higher mean temperature and at certain intervals a greater precipitation 
of moisture.® From the general aspect of the flora and fauna preserA'od 
in interglacial deposits in Britain it may perhaps be inferred that there 
was then more sunshine than now. Mr. Reid has suggested that the 
scarcity of thoroughly aquatic mollusks and of fish indicates that ^luring 
some stages, at least, the climate, while colder than at present, was 
dry rather than moist.^ As a result of more favomuble meteorological 
conditions vegetation flourished even far north where it can now hardly 
exist. The frozen tundras of Siberia appear then to have supported 
forests which have long since been extirpated, the present northern limit^ 
of living trees lying far to the southward. Indications of a more equable 
and milder climate are likewise supplied by the plant-remains found in 
Pleistocene tufas of difierent jDarts of Europe, where species now restidcted 
to more southern countiies were then able to flourish, together with those 
which are still native there.® 

The interglacial terrestrial fauna was marked more especially by the 
presence of the last of the huge pachyderms, which had for so many ages 
been the lords of the European forests and pastures. The mammoth and 
rhinoceros, which then roamed over the plains of Siberia and across most, 
if not the whole, of Europe, were probably driven southward by the increas- 
ing cold. They appear, however, to have survived some of the advances 
of the ice, returning into their former haunts when a less wintry climate 
allowed the vegetation on which they browsed once more to overspread 
the land.^ Some of the mammals now restricted to the far north likewise 

^ Valuable lists of the mollusks of the G-lacial Pta'iod are given hy Uniggi*!- in tlie 
meirioir cited ou p. 1302. An ample catalogue of tile foramiiiilera has l^eoii preptinMl by 
V. Madsen, ‘Meddelelser fra Dausk Geolog. Porening,* No, 2, 1895. 

- Sir W. Turner, Joiirn, Amt Phifsiol. iv. (1878), p. 260. 

a J. Croll, Phil, Mag, 1886, p. 36. 

* He has discussed the bearing of past floras and faunas as a whole ui)ou the evolution of 
climate, Natural JScience i. (1892), p. 427 ; iii. (1893), p. 367. 

® Nathorst, Mugler's Botauischc Ja/irb. 1881, i>. 431 ; 0. Schrdter, * Die Flora dei 
Biszeit,* Ziirich, 1883. 

® The mammoth lived iu the neighbourhpod of the extinct volcanoes of Central Italy, 
which were then iu full activity. From discoveries in Finland, it has been inftjrred that 
the extinction of this animal may not have been much before historiail limes. A. J. 
Malnjgreu, Oefr, FinsJc, Vet Soc, Fork. xvii. p. 139. Cousxilt Boyd Dawkins on the range 
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found their way into countries from Avhich they have long disappeared. 
The reindeer migrated southwards into Switzerland,^ the glutton into 
Auvergne, while the musk-sheep and Arctic fox travelled certainly as far 
as the Pyrenees. As the- climate became less chilly, animals of a more 
southern type advanced into Europe: the porcupine, leopard, African 
lynx, lion, striped and spotted hyjenas, African elephant, and 
hippopotamus. 

In the non-glaciated regions various deposits containing remains of 
land animals and plants have been tentatively correlated with different 
parts of the glacial series, but such com- 
parisons have often only a slender basis on 
which to rest. Such is the calcareous 
sandy clay which covers the surface of the 
gi'eat plains between South Dakota and 
Texas and which has l)ecn named the 
Sheridan Stage (Equus beds) from its 
devel(5J)ment in Sheridan County, Nebraska. 

In that State, a remarkable assemblage of 
mammalian remains has been obtained near Pi«, 4!)2.—Back viow of sUun of Musk- 
Hay Springs comprising horses, camels, a 
variety of the mammoth and a sloth, to- Kcuit. 

•gethor with the remaixis of prairie dogs, gophers, field mice, and musk- 
rats — forms still liNung on the neighbouring plains.^ 

Evidences of Submergence.-* — li(‘.fercnc(i has been made in the 
foregoing pages to the probability that at the time of maximum glaciation 
the land in northern Europe and America stood at a higher level than it 
does now, and to proofs of subsequent submergence. The presence of 
marine shells and foraminifera in the bouldor-clay has been held by some 
observers to indicate the marine origin of the clay in which they lie, and 
thus to demonstrate the former submergence of the land at least below 
the upper limit at which they have been found. By other geologists 
these organisms in the boulder-clay are Ijclievcd to have been 
pushed out of the sea floor l^y the ice-sheets and carried up over the 
land. Obviously the natural interpretation of the occurrence of marijje 
organisms is that the deposit contiiiiiing them has boon lai<l down 
on the sea-bottom, from which it has Bul)se(iuently emerged as land. 
There are conditions, however, in which the materials of the sea-bod may 
conceivably be spread over the land without any oscillation of the litho- 
sphere. We have seen that in the great Greenland glaciers there is a 

of the iimmmotU in npace and time, Q. J, f/, S, x\'xv. (1879), p. 138 ; au<l Hlr IT. lloworth, 
UeoL Maff, 1880 ; ‘The Htimmolh and the Flood’ and ‘The Ohuiial Nightmare,’ 

1 On the distrihutiou of the reindeer at prcKeiit and in older time, see 0. Struekmaun, 
ZnMi. J)mhvh. (ios. xxxii. (1880), j). 728. 

2 W. I? Matthew, JluU. Amcr, Mus. .Ynf. JIhL xvi. (1902), p. 317. 

See Preatwieh, /V/,/7. Tramt.vol clxxxiv, (1893), A. pi». 903-984 ; L O'. S, xlviii. (1892), 
pp. 263-343. 1). Bell, Tmhh. fM. Sue.. 1889, p. 100 ; 1892, p. 321. T. Mellanl 

Reade, <fe.uL Mtuj. 1802, p. 310 ; 1893, p. 19 ; 1896, p. 542 ; NuUu'dl Scieuee, Deeeinhcr 
1893, and i>apei‘s cito«l on later pages. 
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marked transport of detritus from tte bottom to the surface of the ioe. 
"WTiere a thick ice-sheet crosses a shallow sea this kind of transport may 
still continue and may result in the enclosure and removal of more or 
less mud, sand, stones, and shells from the bottom of the sea.^ As the 
ice is pushed out of the marine basin by the pressure of the mass 
behind the marine detritus may bo carried up upon the land. Those 
who adopt this explanation of the marine organisms in the boulder- 
clay point in support of their views to the universally broken and even 
comminuted condition of the shells and their frequent striation, to 
the constant separation of the valves of the lamellibranchs, to the 
absence of deep-water forms which must surely have been living in 
the adjoining seas, and to the remarkable commingling of living shallow- 
water species with others that have long been extinct.^ It must be 
admitted that during the Glacial Period ice-sheets filled and crossed the 
sounds and more or less enclosed seas of the northern hemisphere. 
How high they may have been pushed out of the sea-bottom upon the 
land would depend on their mass and the ms a tergo that impelledf them. 
Whether they could climb as lar as the altitudes at which marine shells 
have been found is a question for the satisfactory solution of which our 
present information regarding' the physics of great ice- sheets is in- 
sufficient. 

As already stated, there is good reason to think that at the^ 
height of the glaciation or some time before it, much of Northern 
Europe and North America stood at a higher level than it has since 
reached. While ice still abounded on its surface the land was gradually 
submerged. The ice-fields were carried down below the sea-lcvel, where 
they broke up and cumbered the sea with floating bergs. The heaps 
of loose debris which had gathered under the ice, being now exposed 
to waves, ground -swell, and marine currents, were thereby more or 
less washed down and reasserted. Coast-ice, no doubt, still formed 
along the shores, and was broken up into moving floes, as happens 
every year now in Northern Greenland. The proofs of this phase of 
the long Glacial Period are contained in shell -bearing sands, gravels, 
and clays ovei'lying the coarse older till, and are perhaps, to some 
extent, furnished by erratic blocks.^ It is difficult to determine the 

^ Masses of submarine clay, tos has been suggested by various observers, may conceivably 
be ploughed out of the sea-bottom aud be transported for a long distance withoirt the 
crushing of all their enclosed organisms, 

P. P. Kendall, f/eoL Mag, 1892, p. 491. 

For a study of the late glacial and post-glacial deposits which chronicle the successive 
phases of the submergence, see the memoir of Prof. Briigger, already cited, where the 
subject is worked out in great detail in reference to the region of Southern Norway, For an 
account of the dispersion of “ erratics,” as illiistrated by those of England and Wales, see 
Mackintosh, Q. J. (f, S. xxxv. (1879), p. 426 ; aud Reports of the Committee ojjpointed to 
investigate this subject by the British Association, 1872-95 ; since which latter year the re- 
constituted Committee has included Scotland. For those of Scotland much iuformatioii has 
been gathered by the Boulder Committee of the Royal Society of Edinburgh ; Prnc, Hug, 
5oc. JSUin, 1872 and subsequent years. Erratic blocks have probably in the vast majority 
of cases been dispersed by land-ice, aud not by floating ice. 
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extent of the submergence, and no part of the chronicles of the Ice Age 
has given rise to more discussion. Those who hold that the mere 
presence of marine organisms is enough to prove submergence, maintain 
that as sea-shells are found in North Wales. and in Cheshire at heights 
varying up to 1200 and oven 1350 feet, the country must have been 
under the sea at least up to those altitudes. Those of an opposite 
opinion, however, urge that in such circumstances it might have been 
expected that there would have been other, clearer and more wide-spread 
evidence of so extensive a general submergence. They therefore look 
upon the marine organisms as having been ploughed out of the sea-floor 
by the ice-sheet. This view might be accepted as a reasonable explana- 
tion for the phenomena displayed on low plains and maritime tracts. 
But it is ditficult to understand how the ice could climb out of such a 
basin as that of the Irish Sea, and ascend such steep slopes as those of 
the Welsh hills up to a height of at least 1350 feet, or how the great 
northern ice-shoot of Canada could advance from the Arctic Ocean and 
carr^^up marine organisms to a height of 1900 feet in the valley of the 
Sasluitchewan. 

If the inference he accepted to A\diich the evidence of the submerged 
shell-banks and dead littoral Arctic shells on the bed of the North 
Atlantic appears to point, a stupendous subsidence of the lithosphere in 
the northern part of our hemisphere must have occurred since the time of 
maximum glaciation. The su))morgonce indicated by marine shells m 
situ oil the land would, on this view, represent only the last part of a 
period of sinking. And if the submarine evidence requires a su))si(lenco 
of perhaps as much as GOOO or 8000 feet, there may be little reason to 
dispute regarding the few hundred foot of ditteronco between the limits 
of submergence adopted by the antagonists al)ovc referred to. If we 
confine ourselves to the testimony of marine organisms which lie in 
the positions wherein they lived and died, we obtain a criterion which 
all geologists will accept. Such a criterion is furnished by stratified 
clays and other sediments which roprosont sea-bottoms. Deposits of this 
character have boon recognised over wide <listricts of northern Europe and 
Canada, Thus clays, sands, and gravi^ls coutiining an Arctic fauna arc 
abundant all round the coast of Scotland at a height of 100 feet. Some 
deposits wherein the northern shells are evidently in sUn as they lived 
and died, are found up to heights of about 500 feet. There seems 
therefore no reason to doubt that the .subinoi-gcnr.i*. reached as far as that 
limit ; how much farther it wont must remain for the present luidctor- 
mined. From the same kind of ovidenco, southern vSeandinavia is 
believed to have been .sul)iii(‘rgi‘.il to a depth of from 600 to nearly 800 
feet Prof, Brogger has pvopn.siMl the t^rm “Christiania period” to 
denote the time of submergence, which not improbably coincides with 
the “Wiamplain period” of American glacialists.^ 

The cause of submergence has been variously oxplaitiod. Some 
writers have supposed that the attraction of the vast masses of ice in the 
northern hemisphere caused a rise of the sea-level in those regions (p, 378). 

» Op, at. p. 205. 



1320 


STEATIGBAPEIOAL GEOLOGY 


BOOK VI PABT V 


Others have suggested that the load of ice was enough to press down the 
underlying part of the terrestrial crust, which on the disappearance of the 
Arctic conditions would rise again.^ A third view regards the movement 
as one of the lithosphere itself. For reasons already assigned I regard 
the last interpretation as most probable, though the influence of the ice 
may possibly have to some slight extent contributed. The instability of 
the surface of the lithosphere during Pleistocene time is shown by the 
fact that some part of the submerged ground was again raised into dry 
land before the end of the Glacial Period. We know, too, that in 
post-glacial time some of the Arctic lands have been undergoing an up- 
lift, and that the rate of elevation varies horizontally. 

When the land once more emerged from the sea its higher grounds 
continued to be the seat of glaciers, which, moving over the surface, no 
doubt more or less destroyed the deposits that would otherwise have 
remained as witnesses of the presence of the sea, while at the same time 
the great bodies of water discharged from the retreating glaciers and 
snow-fields must have done much to reassort the detritus on the surface 
of the land. That ice continued to float about in the seas of northern 
and north-western Europe is shown by the striated stones contained in 
the fine clays, and by the remarkably contorted structure which those 
clays occasion^ly display. Sections may be seen (as at Cromer) where, 
upon perfectly undisturbed horizontal strata of clay and sand, other 
similar strata have been violently crumpled, while horizontal beds lie 
directly upon them. These contortions may have been produced by the 
horizontal pressure of some heavy body moving upon the originally fiat 
beds, such as ice in the form of an ice-sheet or of large stranding masses 
driven aground in the fjords or shallow waters where the clays 
accumulated j or possibly, in some cases, sheets of ice, laden with stones 
and earth, sank and were covered up with sand and clay, which, on the 
subsequent melting of the ice, would subside irregularly. Another 
indication of the presence of floating ice is furnished by large scattered 
boulders, lying on the stratified sands and gravels. Though those blocks 
probably belong as a rule to the time of the chief glaciation, they may 
in some cases have been shifted about by floating ice diu’ing the sub- 
mergence. 

Second Glaciatio n — R e-el eva t i o u — li a i s e d B e a c li e s. — 
When the land re-emerged, the temperature all over centi-al and northern 
Europe was again severe. The northern ice-sheet once more advanced 
southwards, but did not again attain nearly the same dimensions. From 
the direction of the strise, it would appear sometimes to have moved 
differently from its previous course, occasionally even at right angles to 
it. In the basin of the Baltic, for example, the later direction of the ice- 
stream appears to have been south-westwards and westwards. Besides 
the evidence of this direction furnished by striated roek-#lirfaces, 

1 This view has heeu especially advocated by the able Swedish glaoinlist Bnron G. de tioer. 
Bull. tied. Soc. Amer. iii. (1892) ; Pwc. Boston Soc. Eat. Hist. xxv. (1892). See also ante, p. 396. 

® Messrs. Qarwood and Gregory, Q. ,7. O. S. liv. (1898), p. 219. Kecout oscillations of 
the surface of the litliospliere are refeiTed to on iip. 348-887, 1329, 1333, 1341, 1346. 
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abundant fragments of the fossiliferous Silurian rocks of Gothland are 
strewn over the Germanic plan even as far as Holland. There seems no 
reason to doubt that during this second advance of the ice the Scottish 
and Scandinavian ice-sheets were again united over what is now the floor 
of the North Sea. It was then that the upper boulder-clay of Biitain 
was formed. The glaciers of the Alps once more marched outwards over 
the lower grounds, but without descending so far as before. Their limits 
are marked by an inner group of moraines. 

From its second maximum the ice-sheet gradually shrank backward, 
though probably not without occasional pauses and even advances. As 
it retreated from the lower grounds it lost the aspect of a continuous ice- 
sheet, and when it reached the bn.sos of the mountains it eventually 
separated into valley-glaciers radiating from each principal mass of high 
ground. In this condition also there was probably a long period 
of oscillation, the glaciers alternately descending and shrinking back- 
ward, as tliey still continue to do, with variations in the seasons. 
In liJfitain there is abuiuhint evidence of this stage in the history 
of the Ice Age. The Scottish Highlands, being the largest area of 
high ground in the country, was the chief seat of the ice. Not 
only did every group of mountains nouiish its own glaciers; even 
small islands, such as Arran and Hoy, had their snow-fields, whence 
glaciers crept down into the valleys and sliod their moraines. It would 
appear indeed that some of the northern glaciers continued to reach the 
sea-level even wlien the land had there risen to near or <[uito its present 
elevation. On the east side of ftuthcrlandshire, at Brora, and on the 
west side of Boss-sliire, at Loch Torridon, the moraines descend to the r>0- 
feet raised ])eac]i ; at the head of Loch Kriboll, they come down to the 
sea- level and even extend underneath the water, showing that the glacier 
at the head of that fjord aetually pushed its way into the sea, and no 
<loubt calved its icebergs there. 

Another proof of the inaguitudc of soT»n% of the ice-strcanis that filled 
the valleys of the Scottish Highlands during the later stages of the 
Glacial Beriod is supjdied by the proofs that hert^ a,nd there among the 
loftier or 1)j’oader snow-fields of tlu3 time they accumulated iti fi-ont of 
lateral valleys, the drainage of which was in constM|uence ponded back and 
made to flow out iii an opposite dirocstiou by the ivl at the head (p. r>43). 
In those natural reservoii's, the level at which the water stood for a time 
was marked })y a horiz/mtal hnlgo or platform, due partly to ei-osion of 
the hillside, but chiefly to the arrest of the descending debris when it 
entered the water. The famous “Parjillol Koads of Glen Boy” are 
familiar examples, but otlier instiinces on a gigantic scale have l)Con found 
in the northern United Sfcitos and Caiuwla (p,‘1343). 

The gradual retreat of the glacici’s towards t]j|ir parent snow-fields 
is admirably revealed by their moraines, i>ovchod blocks, and rorheB 
The crescent-shaped moraine-mounds that lie one behind 
another may bo followed up a glon, until they finally die out about the 
head, noiir what must have been the edge of the snow-field. The highest 
mounds, being the last to be tlu'own down, ai'e often singularly fresh. 
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They frequently enclose small lakes or pools of water, which have not yet 
been filled up with detritus or vegetation, or flat peaty bottoms where 
the process of filling up has been completed. Huge blocks borne from 
the crags above them are strewn over these heaps, and similar erratics 
perched on ice-worn knolls on the sides of the valleys mark some of the 
former levels of the ice. In Britain, the Scottish Highlands, the southern 
uplands of Scotland, the hills of the Lake District and of North Wales 
present admirable examples of all these features. 

On the continent of Europe also similar evidence remains of the 
gradual retreat of the ice. In many tracts of high ground glaciers no 
longer exist. In the Vosges, for example, they have long since vanished, 
but fresh moraines remain there as evidence of their former presence. The 
Alpine glaciers are the lineal descendants of those which filled up the 
valleys and buried the lowlands of Switzerland and the Lyonnais. 

Before the retiring ice-sheet had shrunk into mere valley glaciers, 
and while it still occupied part of the lower ground, there would doubtless 
be a copious discharge of water from its melting front. As the iie had 
overridden the land and buried its minor inequalities, there would be 
gi'eat diversity in the level of the bottom of the ice, and consequently the 
escaping water would at first flow with little relation to the present 
main drainage lines. Streams of water might be let loose over the 
plateaux and hilly ridges as well as over the plains. There could ' 
hardly, therefore, fail to be much rearrangement of the general covering 
of detritus left by the ice. In the more important valleys, also, in the 
upper part of which glaciers still lingered, there would be a copious 
discharge of water, with the consequent sweeping of much glacial 
detritus to lower levels. In some regions, such as that of the broad 
strath of the River Spey, there seems to have been a combination of ice- 
work and river-transport, the glacier descending in tongues into the 
valleys and breaking up into blocks which, during times of more rapid 
thaw, were swept to lower levels and stranded on banks of shingle and 
sand. Sometimes these ice-masses were of considerable size, and when, 
after they had been surrounded by the sediment, they eventually melted 
their sites were marked by deep kettle-hole or cauldron-like hollows in 
the drift. Successive terraces in the fluvio-glacial drift mark levels of the 
rivers as the volume of water gradually diminished and the channel was 
lowered by the scour of the floods.^ 

To this part of the Ice Age and to the result of the melting of the 
snow-fields, the masses of gravel and sand which over so much of 
Northern Europe rest on boidder-clay may with prol)ability be attributed. 
Among these accumulations are the sheets of coarse, well-rounded gi'avel 
(plateau-gravel), which, with no recognisable relation to the present 
contours of the ground, are spread over the plains and low plateaux, and 
fill up many valleys. These gravels rest sometimes on boulder-clay, some- 
times on solid rock, and are older than the lower valley alluvia. They 
have evidently not been formed by any ordinary river-action, nor is it 

^ For fln account of tlie fluvio-glacial deposits of Strathspey see Hinxman, Svvma't'y of 
6f Geol, 8im\ 1897, p. 147. 
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easy to see how the sea can have been concerned in their formation. 
They are well developed in Norfolk and adjacent tracts of the south-east 
of England, where they consist mainly of well-rounded flints (cannon-shot 
gravel). 

Still more remarkable are the accumulations of sand and gravel 
known as the “ Kame ” or “ Esker ” series. Covering the lower ground 
in a sporadic manner, often tolera])ly thick on the plains, these deposits 
rise up to heights of 1000 feet or more. In some places, they 
cannot be satisfactorily separated from the sands and gravels associated 
with the boulder-clay, in others they seem to merge into the sandy 
deposits of the raised beaches, while in hilly tracts it is sometimes 
hard to distinguish between them and true moraine-stuff. Their nrost 
remarkable mode of occurrence is when they assume the form of 
mounds and ridges, which run across valleys and plains, along hillsides, 
and even over water-sheds. Frequently those ridges coalesce so as to 
enclose basin-shaped hollows, which are often occupied by tarns. Many 
of tht most marked ridges are not more than r)0 or 60 feet in diameter, 
sloping up to the crest, which may be 20 or 30 feet above the plain. A 
single ridge may occasionally ^be traced in a slightly sinuous course for 
many miles, as in the case of the famous mound which runs across the 
centre of Ireland.^ These ridges, known in Scotland as Kamos, in Ireland 
as Eskers, and in Scandinavia as Osar, consist sometimes of coarse gi'avel 
or earthy detritus, but more usually of clean, 'woll-stratified sand and 
gravel, the stratification tow’ards the surface coiTcsponding with the 
external slopes of the ground, in such a maimer as to prove that the 
ridges are usually original forms of deposit, and not the result of the 
irregular erosion of a general bed of sand and gravel. Some writers 
compared these features to the submarine banks formed in the pathway 
of tidal cuiTents near the shore ; but by general consent this explanation 
has long been abandoned. Geologists are now agreed in regiirding 
them as of terrestrial origin, connected in some intimate way with the 
great snow-fields and glaciers. Some observers have referred them to 
the accumulation of detritus in channels or tunnels under the ice.- 
Others have regarded them as duo rather to the action of streams which 
flowed at first on the surface of the ice and gradually worked their way 
through it to the bottom.'* Nothing (juite like true Karnes has been 
observed along the margins of the Greenland inland ice, whore they have 
been diligently looked for. It must bo admitted that no wholly satis- 
factory explanation of their mode of fomation has yet lioeii given. 

Over the tracts fi'om which the ice-slicet retired, lakes are iisually 
scattered in large numbers. Some of these lie in ice -worn basins of 


^ See Solla«, ^^ci. Traua. Jio//, Dublin /Sor, v. (1806), p, 785, where a map of the Irieh 
eskers i.v given. 

^ Tms view is well stiitctl hy Prof. Duvis, Proc. Boston Hat Hist xxv. p. 278. 

•* Tliis opinion, stated by Prof. N. H. Winchell as far hack as 1872 {Ann. QcoL 
Survey, Minnesota, 1872, p. 62), has been enforced by Mr. W, 0. Crosby, whoso latest 
presentation of the subject will bo found iu the AmeHcon Geologist, vol. xxix. p. 1 (July 
1902) 
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rock. Where the detritus has been strewn thickly over the ground, 
however, they rest in hollows of the clay, earth, sand, or gravel. The 
origin of these depressions in the drifts cannot be found in smy denuding 
operation since the ice left. They are obviously original features of the 
surface, dating back to the time when the various drifts were laid down. 
In some cases they may be due to irregular deposition of the detritus, 
as where successive moraines are thrown across a valley. The small 
pools may sometimes have been originated by the melting of portions of 
ice which had become detached from the main mass, and were surrounded 
by or buried under detritus, like the ice-blocks in the fluvio- glacial series 
above alluded to. Many small rock-basins may have had their place and 
form determined by that prolonged deep subaerial rotting already referred 
to, while others oi large size may be referable to underground movements. 
But the glaciers, in smoothing and polishing the rocks, wore them do^vn 
unequally, hollowing them into rock-basins, leaving them in prominent 
smoothed domes, and carrying the same characteristic sculpture over all 
the durable rocks exposed in the areas of intenser glaciation. ^ 

The emergence of the land in Scandinavia and Britain took place 
interruptedly. During its progress it was marked by long pauses when 
the level remained unchanged, when the waves and floating ice cut ledges 
along the sea-margin, and when sand and gravel were accumulated 
below high-water mark in sheltered parts of the coast -line. These 
platforms of erosion and deposit (raised beaches) form conspicuous 
features at successive heights above the present level of the sea (p. 383). 
The coast of Scotland is fringed with a succession of them (Fig. 493). 
Those below the level of 100 feet above the sea are often remarkably 
fresh. The 100-feet terrace forms a wide plateau in the estuaries, such 
as those of the Forth, Tay, and some of the northern firths. As above 
mentioned, its clays contain an Ai-ctic fauna, which includes the ringed 
seal or floe-rat (Fhoca hispida), the smallest of the now living Arctic seals. 
A terrace at the level of 50 feet is conspicuous also on both sides ot* 
Scotland, being especially prominent among the western fjords. In 
Scandinavia, especially in the northern parts of Norway, the successive 
pauses in the last uprise of the land are imjDressively revealed by long 
lines of terraces which -wind around the hill-slopes that encircle the 
fjords (pp. 384, 386). 

The records of the closing ages of the long and varied Glacial Period 
merge insensibly into those of later geological times. It is obvious that 
besides the effect of a general change of climate operating over the whole 
of the northern hemisphere, we must remember the influence which the 
natmal features of different countries had izpon the climate. From the 
plains, the ice and snow would retire sooner than from the liills. In fact, 
we may regard some parts of Europe as still retaining the conditions of the 
Glacial Period, though in diminished intensity, the present glacierfj^of the 
Alps being, as above remarked, the representatives in continuous succession 
of the vaster sheets that once descended into the lowlands on all sides 
from that central elevated region. And even where the ice has long 
since disappeared, there remain, in the living plants and animals of the 
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higher and colder uplands, witnesses to the former severity of the climate. 
As that severity lessened, the Arctic vegetation, that had spread over 
the lower gi'ounds of central and Avestern Europe, was there extirpated 
before the advance of plants loving a milder temperature, which had 
doubtless been natives of Europe before the period of gi*eat cold, and 
which were now enabled to reoccupy the sites whence they had been 
banished. On the higher mountains, where the climate is still not wholly 
uncongenial for them, and likewise here and there at lower levels, colonies 
of the once general Arctic iiora still survive. The Arctic animals have 
also been mostly driven away to their northern homes, or have liecome 
wholly extinct But the remains of the -cVrctic phuits and to some extent 
also of the animals occur in the lacustrine clays, peat-mosses, and other 
dei:)osits of the glacial series, even down into the heart of Europe (p. 840). 

It has been forcibly i)ointo(l out by Mr. Wallace that the present 
mammalian fauna of the globe presents everywhere a striking contrast 
to the extraordinary variety and great size of the mammals of the 



Fig. 4tJ3.— Ton-acPS of (iroHioii, inui'king Hh()n*-Unns. Soutli couhI of iHliiml of Mull. 

Tertiary periods. “We live,” ho says, “in a zoologically impoverished 
world, from which all the largest., and fiercest, aiid strangest forms have 
recently disappeared.”^ He corniects this remarkable reduction with 
the refrigeration of climate during the Glacial I^eriod. The change, to 
whatever cause it may bo assigned, is certainly remarkably persistent 
in the Old World and in the New, and not merely in the temperate and 
northern regions, but even as far south as the southern slopes of the 
Himalaya Mountains, 

The cause of the remarkable change of climate during late Tertiary 
and post-Tortiary time has given rise to much discussion, but is still with- 
out a completely satisfactory explanation. Some writci's have favoured 
the view that there has been a change in the position of the earth’s 
axis (p. 24), or of its centre of gravity (p. 28). Others have 
suggested that the earth may have passed through h(jt and cold regions 
of space. Others, again, and notably I^yell, have called in the effects 
of stupendous terrestrial changes in the distribution of land and sea, on 
the assumption that elevation of land al)out the j)oles must cool the 
tempeAturo of the globe, while elevation round the equator would raise 
it. But the amount of geographical transformation thus involved was 

1 ‘ Goograpliicul Diatributioii of AuiiuttLs* i. i). 150. Consult also Asti Gray, Nidifre, 
xlx, p. 327 (363). 



1326 


HTPiATIOBAPHIOAL GEOLOGY . book vi part v 


so great and the evidence for it appeared to be so slender that geologists 
generally have been reluctant to accept this explanation. In the difficulty 
of accounting for the phenomena by any feasible operation on the earth 
itself, they by degrees accustomed themselves to the belief that the 
cold of the Glacial Period was not due to mere terrestrial changes, but 
was to be explained somehow as the result of cosmical causes. 

Sir John Herschel ^ had already pointed out that the direct effect of a 
high condition of eccentricity of the earth’s orbit is to produce an unusually 
cold winter, followed by a correspondingly hot summer, in the hemisphere 
whose winter occurs in aphelion, while an equable condition of climate at 
the same time prevails on the opposite hemisphere. But as both hemi- 
spheres must receive precisely the same amount of solar heat, because 
the deficiency of heat, resulting from the sun’s greater distance during 
one part of the year, is exactly compensated by the greater length of that 
season, he considered that the direct effects of eccentricity must thus be 
nearly neutralised.’^ Subsequently the question of the effects of eccen- 
tricity was taken up by the late James Oroll, who maintained that a 
series of physical changes on the earth’s surface would result indirectly 
from an increase of eccentricity, and that in this way a great alteration 
would be effected in the distribution of terrestrial climates. He thought 
that with the eccentricity at its superior limit and winter at aphelion 
the reduction of the midwinter temperature would be so great that in 
temperate latitudes the precipitation would take the form of snow rather 
than rain, that this snow, lying from season to season and year to year, 
would lower the summer temperature, giving rise to fogs that would 
intercept the sun’s rays, that the trade winds and consequently the ocean- 
currents would be weakened or deflected, and thus that a period of extreme 
cold would be introduced all over the northern part of the hemisphere. 
He argued further that these conditions would eventually be shifted to 
the other hemisphere when its %vinter occurred in aphelion, and that there 
would consequently be an alternation between extreme cold and perpetual 
summer. In this way he accounted for the evidence furnished by fossil 
plants that the climate of the Arctic regions was formerly genial, and 
also for the existence of interglacial warm periods.^ These views were 
adopted and enforced with additional arguments by Sir Eobert Ball,*^ and 
they were widely accepted by geologists who wore glad to bo put in 
possession of what they regarded as a probable solution of difficulties 
which had so long confronted them. 

But meteorologists and physicists were less confident of the value 
of Croll’s methods and results. Even in his lifetime he had to 
defend his views from the attack of Professor Simon Newcoml),"* 
and since his death they have been destinictively criticised by Mr, 

^ Trans, Oeol. Soc. vol. iii. p. 293 (2iid series). 

a * Cabinet Cyclopoedio,’ sec. 815 ; * Outlines of Astronomy/ sec. 868 . 0 

® Phil. Mag. xxviii. (1864), p. 121. His detailed researches will be found in his volume 
‘CUinate and Time/ 1876, and his later work * Hiscusaiona on Climate and Cosmology.’ 

‘The Cause of an Ice Age,’ London 1891. 

® See PhiL Mag. for 1876, 1883, and 1884. 



SECT, . PLEIHTOGENE OB GLACIAL SEBIES 1327 


E. P. Gulverwell, ■who regards them as “a vague speculation, clothed 
indeed with a delusive semblance of severe numerical accuracy, but 
having no foundation in i)hysical fact, and built up of parts which 
do not dovetail one into the other.” ^ This writer affirms that Croll’s 
fundamental assumption that the midsummer and midwinter temperatures 
are directly proportional to the sun’s heat at those seasons, is not borne 
out by an appeal to observation. At Yakutsk, for example, which may 
be taken as an extreme case of range of temperature, if the excess of its 
mid-vvinter temperature above that of space were due entirely to the 
midwinter sun -heat, then the midsummer temperature, also arising 
solely from direct sun-heat, should be 5800° Fahr. above that of space, 
or if the midsummer excess were due only to the midsummer sun-heat, 
then the midwinter temperature ought to ])e - 228° Fahr. Calculating 
what parallels of latitude now receive the same amount of winter sun- 
heat as the parallels of 40°, 50°, 60°, 70", 80°, and 90° received during 
a time of high eccentricity when winter occurred in aphelion, Mr. 
Culverwell found that the daily average of sun-heat received during the 
wintei* of high eccentricity by the parallel of 40° is now received by 
that of 42*2, and that the parallel of 54° at the present time receives 
the same amount as that of 50° did then. He concludes that the 
lowering of the midwinter temperature from lat. 50° N. to 70° N., due 
to diminished winter sun-heat in the epoch of great eccentricity, cannot 
•have been as much as from 3° to 5° Fahr. Such a small decrease could 
not have been sufficient to produce a glacial period within these latitudes. 
But it is not certain that the midwinter temperature would really fall 
during the epoch of maximum eccentricity. This temperature, in the case 
of the British Isles, depends not on direct sun-heat so much as on the heat 
transpoi-ted by the Gulf-stream. But during the time of high eccen- 
tricity, the summer temperature of the regions whence that stream 
derives its warmth was greater than it is now, so that it is conceivable 
that, instead of being colder in winter, the British climate may actually 
have been milder than at present. 

Thus the failure of the astronomical theory to afford a solution of the 
problem of the Ice Ago has left geologists once more face to face with their 
difficulties. But the question is so fascinating that it continues to engage 
attention and to suggest speculation. Among the recent attempts to 
deal with it reference may he made hero to the hypothesis proposed by 
Professor Chamberlin on the basis of variations in the amount of carbon 
dioxide in the air. Eeference hiis already (p. 36) been made to the 
capacity of that gas for absorbing heat and to the effect that might bo 
produced on the temperature of the air by even a comparatively small 
increase or diminution in the proportion of the gas. The suggestion is 
that while there is a general tendency to the diminution of that proportion 
there arise from time to time conditions, stich as great volcanic discharges, 
whorebji much carbonic dioxide is supplied to the atmosphere. On this 
view the Glacial Period would mark a time of great depiction of tbe gas, 
while the Arctic Miocene flora would indicate a time of comparative 
1 Geol Maff. 1895, pp. 3, 66 ; Phil, Mat/. 1894, p. 643. 
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enrichment.^ Other geologists have turned back to the idea of geo- 
graphical changes. That considerable oscillations of the relative levels of 
land and sea took place during the Ice Age has been clearly deteraiined. 
The general result of investigation favours the opinion that the land in 
the early part of that period stood much higher than now over the 
northern regions of Europe and ITorth America. If we accept the con- 
clusions drawn from the prolongation of land-valleys upon the sea-floor 
to a depth of many hundred feet, and from the distribution of dead 
littoral and shallow-water shells down to depths of 6000 or 8000 feet in 
the North Atlantic, we can see that a vast area of high land would, under 
these conditions, have existed. This higher elevation would undoubtedly 
tend to lower the temperature. Some of the upraised parts of the sea- 
floor might deflect warm ocean currents and thus still fui’ther increase 
the cold in the higher latitudes. But no satisfactory attempt has 
yet been made to trace out these changes geographically on actual 
evidence of their having occurred, and to connect them with the 
phenomena of the Pleistocene period.^ We must meanwhile suspend 
judgment. Probably no one cause will be found sufficient to exp&iin all 
the difficulties of the problem. But we may hope that from the constant 
and enthusiastic researches in this subject which are in progress over so 
large a portion of the earth's surface, the solution will eventually be 
attained. 


§ 2. Local Development. 

Britain.'* — ^Though the generalised succession of phenomena above given is usually 
observable, some vaiiety is tiaeeable in the evidence in different imrts of the Britisli 

1 Jmini. Ueol. v. (1897), p. 653 ; viii. (1900), pp. 545, 667, 752. 

- Some suggestive remarks on this subject by Mr. W. Upham will be Ibiuid in the 
Appendix to Wright’s ‘Ice Age in North America’ (1889) ; also in Hull. (Jad. Sfu'. Autn'. 
i. (1889) p. 563, x. (1898) p. 5 ; and (real. vi. (1890), p. 327, xxix. (1902) p. 162. 

** Besides the general works and papers already cited, the following special papers in the 
Quarterly Jouraal of the (kological Sucktif maybe consulted: Mackintosli, 18S2, 

p. 184; T. W. E. David, 1883, p. 39; T. Mellard Reade, liii. (1897), p. 341. iV. ir. 
Enrjhind, Mackintosh, 1879, p. 425 ; 1880, p. 178 ; T. M. Reado, 1874, p. 27 ; 1883, p. 83 ; 
1885, p. 102; 1897, p. 341 ; 1898, p. 582 ; A. Stralian, 1886, p. 309. KK. ICnuliml. 
Searles V. Wood, jim., 1880, p. 457 ; 1882, p. 667 ; A. J. Jukes-Browiic, 1879, p. 397 ; 
1883, p. 596 ; Rowe, 1887, p. 351. N.E. Englmul, G. W. Ijaiuplugb, xlvii. (1891), p. 384 ; 
P. F. Kendall, Iviii. (1902), p, 471 ; A. R. DweiTyhouse, (g). cU. p. 572. Hmllaud (Long 
Island), J. Geikie, xxix. (1873); xxxiv. (1878); (Slietlaiids) Pcjich ami Iloruo, 1879, p. 
778 ; (Orkneys) 1880, p. 648 ; (Aberdeenshire) T. F. Jamieson, 1882, pp. 145, 160, The* 
first detailed account of the Scottish Boulder-clay and later glacial deposits was given by me 
as far back as 1863 in the fli-st volume of the Tran^. tkoL Hoc. (/Itatgotr, alreiwly cited. The 
student will tind a useful digest of the litcratxire for Euglaud up to 1887 in Mr. H. B. 
Woodward’s ‘Geology of England and Wales,’ The Mmnmrs and the Huomury of 
oftlw (ieological Survey contain much local detail on this subject. The ‘ Papei-a and Notes 
on the Glacial Geology of Great Britain and Ireland’ (1894), hy tlie late H. Oafi^ill Lewis, 
gives an account of the glaciation as seen by the eye. of an American glacialist. Mr. W. 
Jerome B[arrison’s “Bibliography of Midland Glaciologj%" Proa. Birmingham Eat. Bid. 
Phil. Soc. ix, (1895), will he found of great service for the Midlands. 
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area. In Scotland, where the ground is generally more elevated, and where snow and 
ice were most abundant, the phenomena of glaciation reached their maximum develop- 
ment. Strice are preserved on rock-aurfacos at heights of more than 3000 feet in the 
north-west Highlands, and as the fjords and sea outside are in places more than 100 
fathoms deep, the total thickness of ice in that region may have reached 5000 feet. In 
the high grounds of England, Wales, and Ireland there was likewise extensive accumula- 
tion of ice. The ice-woni rocks of the low grounds are usually covered with boulder- 
clay, which in Scotland is intei*stratified with beds of sand, fine clay, and peat, and has 
yielded marine organisms in the lowland districts up to a height of 1061 feet. In 
England, marine shells and foraminifora, usually fragmentary, occur in the boulder-clays 
both in the eastern and western (*ountics. The icc-shcet no doubt j)aBsed over some 
parts of the sea-bottom, and ground u]> the shell-banks that happened to lie in its way, 
as has happened, for example, in Caithness, Holdernoss, East Anglia, and throughout 
the basin of the Irish Sea, where the shells in the bonlder-clay are fragmentary, and 
sometimes ice-striated. The “Bridlington Ci*ag” of Yorkshire, according to Messrs. 
Sorhy, Lamplugh, and Reid, is a large fragment torn from a siibmaiiiio shell-clay, and 
imbedded in the boulder-clay.^ Its shells are strikingly Arctic. 

The depth, extent, and inovements of the great ice-shcet which covered Britain have 
})een indicated in the foregoing pages. The proofs of the fomier presence of the ico are 
scatteil^d abundantly over the country north of a line drawn from the Bristol Channel to- 
the estuary of the Thames. South of that line the ground is free from houhler-elaj^ 
though various deposits, ])Ossibl y of contemporary date, servo to indicate that, though not 
buried under ice, this southern fringe of England had its own glacial conditions.**^ Amoiig^ 
those is the “ Coombe-rock ” of Sussex — a mass of unstratified rubbish which has been 
referred by Mr. C. Reid to the action of heavy summer rains at a time when the ground 
a little below the surface was permanently frozen. In the glaciated tract one of the most 
striking features in sliowing the Oroenlaud-likc massiveness of the i(ie-shcet is furnished 
by the south of Ireland, where tho hills of Cork and Kerry have been ground smooth 
and striated down to tho sea, and even under sca-levol, detached islets appearing as 
w^ell ice-rounded roc, hen moutonnues. There can be no doubt frotn tins ovidenco that 
oven in tho south of Ireland the ico-sheot continued to ho so massive that it went out to 
sea as a gi’cat wall of ico, probably breaking oil* there in ioel»ergs. 

Tho records of tho submersion of Britain are probably very iucomploto. If we rely 
only on the evidence of untransported marine shells, wo obtain the lowest limit of 
depression. But, as above remarked, the mere presence of marine organisms cannot 
always ho accepted as conclusive. The renewed hio ami snow, after re-ehjvation, may 
well have destroyed most of the shell-beds, and their destruction would be moat com- 
plete whero the snow -fields and glaciers w(!ro most extensive. Beds of sand and) 
gravel with recent shells have been observed on Mod Tryfiien, in North Wales, at a 
height of 1350 foot, but the shells are broken and show such a curious eomniingling 
of species as to indicate that they are probably not r6aUy in place.® In Cheshire marine 
shells occur at 1200 feet. In Scotland they wore said to have been obtained at 524 feet 
in the boulder-(*lay of Lanarkshire ; but an examination of the locality by a Committee of 
the British Association bus failed to discover any proof of the oxiatoiiee of shells there. 
On the other hand, the same Committee iHiporiud that at Clavo, near Inverness, a shell- 
bearing clay contains abundant foi’aniinifera and inollusks, including Arctic forms 
{NuciiJ.wtui [lMla\ pmiula,^ Nucukina, tjRiiuis [Lcdti Tellim [J/hray/tft] ctikareay 

^ Lamplugh, y. Cf. iS. xl. (1884), p. 312. 0, Reid, “Geology of Holderuess,” in AffiTW. 
OeoL Simi&y, 

“ 0. AjIcI, Q. /. a. S. xiyi. (1887), p. 364. 

® See T. Mellard Reacle, Proc, Liverpool (Iml, Soc, 1893, p. 86 ; Report of a Committee 
on Mod Tryfaen, Brit Abhoc, 1899, with a good bibliography of the locality. 

^ Brit Assoo, 1894. 

VOL. II 2 S 
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Naika ^mllida [grmilaiidLca^ and others still common in British seas. The con- 
dition of these remains indicates that they probably lived and died on the spot, 
which is 500 feet above seadevel, and that the submergence amounted at least to 
that extent.^ Subsequent elevation of the land has brought up within tide-marks 
some of the clays deposited over deeper parts of the sea-floor daring the time of 
the submergence. In the Clyde basin and in some of the western flords, tliese clays 
(Clyde Beds) are full of foraininifera and shells which are iinquestioiiably in their 
original positious. Comparing the species with those of the adjacent seas, we find them 
to be more boreal in character ; although nearly the whole of the species still live in 
Scottish seas, a few are extremely rare. Some of the more charactei’istio northern shells 
in these deposits are BecUn islmulicfus, TelliTLci {Macoma) calcarea, Pm'tlaiwLm gladalu 
{Leda truncaia,)^ Yoldia (Lcda) Imiceolata, Portlandm {Yoldm) arctim^ Saanicam •nigosciy 




Fig. 4U4.— Group of Shells from the Scottish CJlacinl Beds. 

/f, Pecten (Clilamys) islaiidicus, Miill. (i); />, Portlaiidia glacialis, Gniy (»]); r*, Yoldia laucnolata, How. 
(^); rf, Tellnm (Mncoiiia) calcarea=5lata, Giueliii Q); e, Hii\icava rugosa, Idnii. (J) ; /, Natica uJIlniR, 
Gmeliii (=s clausa, Brod, and Sow.)(i); j;, Trophoii scalarifonnls, Gouhl (T. clathiiitUH)(i). 


Panopft'ct norvegica, Troplimi scalar if ormia [T. dathratus), and Natica, afbiis {claum) 
(Fig. 494). The clays in which these organisms lie ai-e often e\’ceedingly fine and 
unctuous, with occasional stones (sometimes striated) scattered through them. This 
material has probably been a glacier-mud ; and the stones liave been floated off on ice- 
rafts. 

Of the later stages of the Glacial Period, the records are much the same all over 
Britain, allowance being made for the greater cold and longer lingering of the glacier.s 
in the north than in the south, and among the hills than on the phiins. 

In Scotland the following may be taken as tbo average succession of glacial pheno- 
inena in descending order : — 

Last traces of glaciers, small moraines at the foot of corries among the higher 
mountain groups. Tlie glaciers lingered longest among the higher niouutaiuH of 
the north-west (Highlands, Southern Uplands, and detached islands, sii(^h os 
Arrau, Skye, Hoy, Harris, &c.). 


^ Op. ciL 1893 ; see also the Cominitteo’s Report for ISOU, which contains an account 
of the shell-beds of Cantyre, Argyllshire, at heights varying up to about 200 feet. 
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Marine terraces (50 feet and liiglier). Clay-beds of the Arctic sea-bottom (Clyde 
Beds) containing nortbeni niollusks. The highest well-marked and persistent 
marine terrace proves a submergence of at least 100 feet beneath the present level 
of the laud, and its organic remains tell that the climate was still Arctic. 

Large moraines, showing that after the re-emergence of the laud glaciers descended 
to the line of the pre««r*nt -level in the north-west of Scotland. Some of the 
moraines rest upon ilii- 50-u-i-; marine terrace. 
hliTatic blocks, chiefly transjjorted by the first ice-sheet, but i>artly also by the later 
glaciers, and partly by fioatiiig ice during the period of subniei-gence. 

Sands and G-ravels — Xame or Esker series, sometimes containing temstrial organ- 
isms, sometimes marine shells. 

Upper Boulder-clay — rudely stratified clays with sands and gi-avels ; the stones 
almost wholly from the rocks of the <‘ountry, but sometimes (basin of Forth) 
including pieces of chalk and Hint. 

Till or Lower Bonlder-cluy (bottom moraine of the ice-sheet) — a stiff stony un- 
stratified clay, varying up to 150 feet or more in thickness. Its contained 
boulders and pebbles are native to the country, and can usually be assigned to 
their source. It includes bands of tine sand, finely laminated clays, occasional 
layers of peat and terrestrial vegetation, with bones of mammoth and reindeer ; 
also on the lower groumls and up to heights of 1300 feet or moi’c, dispersed fora- 
minifera together with fragmentary Arctic and boreal manne shells, which occur 
both iu the till and in intercalated layers of himiiiated clay and sand. The till 
spreads over the lower gi’ounds, often taking the form of ridges or drums 
(drumlins), which run on the whole dn the lines of chief glaciation, 
ice- worn rock surfaces. 

Over a gi*eat part of England and Ireland the drift deposits are capable of sub- 
division as follows : — 

4. Moraines (North Wales, Lake district, &c.) ami youngest raised beaches.^ 

3. Upper Boulder-clay — a stiff stony clay or loam with ice- worn stones and inter- 
calations of sami, gravel, or silt. Jt occasionally contains marine shells. It 
itO'.'.ibly ilnes not come south of the Wash. 

2. Middle Sji'ul.'- and Gravels, containing marine shells. At Macclesfield (1200 fcot 
above the sea) there have been found Mrrvfnx vMitme, rtisficuiHf 

Area (Ikvrhitia) laetm, TrUum [Maeomet) hafthim^ OjfpHna idantUcd^ Antarie 
hnrealis, and other shells now living in the seas around Britain, but indicating 
perhai».s by their grouping a rather colder climate than the iiresent. Cm'bieula 
Auminali^ abounds in some gravels which underlie the upper boulder-clay. 
South of the Wash it is found iu similar deiiosits overlying the lower or 
“chalky boulder-elay.” Tu Ireland marine shells of living British species 
occur at heights of 1300 feet above the sen.’* 

1. Lower Boulder-clay — a stiff clayey deijosit stuck full of iee-woru blocks, aud 
equivalent to tlie Till of Scotland. <3n the east coast of England (Holderness, 
Lincoln, aud Norfolk) it eontaius fragments of Scandinavian rooks ; in par- 
ticular, gneiss, mica-schist. (]nart7.iti‘. gnmitti, syenite, -li.i': ' i ■ :■ ; also 

pieces of red aud Idack lli:i'. |»rob;ilily from Denmark, auu oi uarooalfcrous 
limestone and sandstone, winch liavc doubtless travelled from the north.* 
Along the Norfolk cUff« i^ .stratified intercalations of gravel and 

sand, which have been '.it.:.-. ;. eontoHed. As iu Scotland, the true 

lower boulder-clay in the nort.h of Englaml and Irolaiid is often antiuged in 
parallel ridges or drums iu the prevalent line of ice-movement. As above 
mentioned, the “crag” of Bridlington, Vorkshins is probably a fragment of 
jui old marine glacial shell-bearing clay, tom up and imbeilded iu the boulder- 

^ In Gower, South Wales, Mr. Tiddeman has shown that the raised beach there is over- 
spread with various glacial deposits. <JmL Mmj, 1900, pp. 440, 628. 

On this characteristic form of till, see H. B, Woodward, UeuL Mag, 1897, p. 486. 

3 On t]|e Irish shell-bearing drifts (‘‘manure gravels of Wexford”) see Beports of Com- 
mittee ; Hrit. Ahhoc. 1887-1890 ; W. J. Hollas and R. L. Proeger, Imh Katnmlkt, iii. 
(1894), pp. 17, 161, 194 j iv. (1895), p, 321 ; T. Mellard Rearle, Proc, Liro'pool iUol, Soc. 
1893-94. 

* V. Madseu, <2. L G. S, -xlix. (1893), p. 114. 
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clay of the first ice-sheet. Tlie Arctic fresh- water bed (p. 1*288) may be inter- 
calated here. 

The southern limit of the ice has been already mentioned (p. 1306). No “ terminal 
moraine has been observed, the ground to the south of the ice-limit being free 
from glaciation, though erratic blocks, probably brought by drift-ice, are found 
oh the Sussex coast.^ The Coombe-rock lies outside the limits of the ice-sheet. 

Deep superficial accumulations of rotted rock occur where the rock has decom- 
pose in situ in the southern non-glaciated region, as may be well seen over 
the PaliBOzoic slates and granites of Devon and Cornwall. In the non- 
glaciated Chalk districts, a thick cover of flints and red earth partly represents 
the insoluble parts of the chalk that remain after prolonged subaerial decay, 
but from the ftequent presence of fragments of quartz, which does not occur 
in the chalk, this mantle of “clay with tiints” seems to indicate also a 
certain amount of transport. The high moorlands of eastern Yorkshire appear 
to have risen as an insular tract above the ice-sheet ; for the boulder* clay 
advances up the valleys that indent the northern face of the Jimassic table- 
land, but ceases at a height of about 800 feet, and the table-land itself is entirely 
free of drift, but its rocks are much decayed at the sfurface. Mr. Kendall has 
traced the existence of a system of glacier lakes in this district caused by the 
ponding of the inland drainage against the front of the ice-sheet.® 

Scandinavia and Finland.®— The order of Pleistocene phenomena is generally the 
same here as in Britain. The surface of the coimtry has been everywhere ig;tensely 
glaciated, and, as already stated, the ice-striae and transported stones show that the 
great ice-sheet probably exceeded 5000 feet in thickness, for the hills are ice-worn for 
more than that height above sea-level. Moving outwairis from the axis of the peninsula 
the ice passed down the western fjords into the Atlantic, southwards and south-eastwai’ds 
into the Gulf of Bothnia, across Finland and the basin of the Baltic into Russia, 
Northern Germany, Denmark and Holland, and sonth-westwards into the hollow of tlie^ 
North Sea, which it crossed to the south-east of England. Besides the ordinary morainic 
materials left behind on the melting of the ice, a marked deposit is that of the terminal 
moraines (La's) which have been traced across the south of Nonvay and Sweden, and 
which reappear and run completely across the southern part of Finland. These huge 
persistent mounds of glacial rubbish follow each other at variable distances in roughly 
parallel lines, which mark successive pauses in the slirinkiug of the ice-sheet. There is 
evidence also of the retreat of the ice from some parts of the country while it still covered 
adjoining tracts and ponded hack the drainage, thus giving rise to glacial lakes. The 
margins of these vanished sheets of Avater can be tiuced in lines of “ parallel roads. 

1 ^ ^ j p. 344 ; xlix. p. 3*25. 

® Q. /. fr. S. Iviii. (1902). In this paper the movements of the several ice-streams which 
united to form the great ice-sheet of England are discussed. 

® The glacial literature of this region is now abundant. Among the later writei*s may be 
mentioned J. Ailio, G. Anderssou, H. Berghell, W. C. Brdgger, G. do' Geer, 0. Guiuaelius. 
A. M. Hansen, H. Hedstrdin, A. Hollender, G. Hdgboni, J. H. Holmberg, N. 0. Holst, J. C. 
Moberg, H. Munthe, W. Ramsay, H. Reusch, J. J. Sederholm, A. B. Toniobolmi. Numcroim 
contribiitious from these and other writers have appeai’ed in Feuum, the (/(>oL Foreii. 
StocMiohii^ and the papere of the Swedish, Norwegiau, and Finland Geological Surveys. A 
general resume of the subject with special reference to Sweden will be found in Nathorst’s 
‘ Sveriges Geologi.’ A brief notice of the glacial history of Finland is supplied by Sedei-holin 
in the Text accompanying the ‘Atlas de Finlande,* published in 1899, and an e.xcellent 
account of the glacial phenomena of the Kola peninsula between the Arctic Ocean aud the 
White Sea is given by W. Ramsay iu Fenn^^ xvi. No. 1 (1898). Tlie later glacial phenomena 
of Southern Norway are treated in ample detail aud with conspicuous acumen by Brdgger iu 
the important monograph already cited. Col. H. W. Fielden lias dcKcribed ^he glacial 
geology of Arctic Europe and its islands in Q. J. f/. lii. (1896), pp, 5‘2, 721. 

* A remarkable example of this feature has been described from Central Jeuitland in 
Sweden by Gunnar Andersson, where, by the persistence of the Bothniaii ice-sheet, wliile the 
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After the maximum extension of the glaciation, a general subsidence of the region 
took place, and the lower grounds wore submerged. At the time of the greatest spread of 
the sea (which at Christiania is indicated by a boimdaiy line at 216 metres, pointing to 
a maximum submergence of about 700 feet), an o])en sound connected the Skager Rak 
across Sweden with the Gulf of Bothnia, whitdi then covered most of Finland, and was 
connected by a iiaiTow strait with the White Sea. At this time the Fo7<//a-clay was 
accumulated, in which twenty-four species of shells have been found, of which six do 
not now live in Scandinavian waters, but still exist in the Kara Sea, viz. Portlandia 
arctica, YolAia hy^^erbormj Sipho toytUicSy S. hriwispira^ Buccinmn terric-novm, and 
Ncptwua demeUmta ; while eight (incdndiiig PocUn ifilandiciiH, Natica affinis or clmisa, 
and Trophon tmiwatm) have disap 2 »oared from tlic southern parts of the country, but 
are still found in the Arctic part of the coast. Professor P>r<)ggcr has shown that 
this clay is only found outside the great terminal moraine ridgo or m, a circum- 
stance which indicates that the iec- sheet there still descended to the sea and 
kept the ground inside from being submerged under salt water. As already stated, 
he notices the occurrence of the shallow- water fauna of the IW</m-elay at great 
depths in the Norwegian seas, and believes that it points to the 2 >robability of the land 
having stood, at the time of the great ice-sheet, at least 2600 metres higher than it does 
now. ^bove the Yold ia-tXa^y comes the Arca-ohiy, in the oldest ]>art of which the shells 
are still Arctic, but in the youngest ]>urt {Porfhmi la-vhiy, il///a-bauks) half arc boreal, 
with a trace of the advent of soutliorn forms. In the overlying J/2/i{'/7as-clay and 
Oardium-(([iiy the iwoportion of Arctic forms falls to a third or a (jnarter, while the 
boreal forms increase to a half of tlio whole, with from an eightli to a fourth of Liisitanian 
forma. Successive stages in the uprise of the land are. marked hy the raised bcjiclics, to 
which reference has already been made. 

One of the most remarkable features of the ]>oriod which succeeded the subinorgcncc 
of Scandinavia was the conversion of tlio wide basin of the Baltic, Gulf of Bothnia and 
Gulf of Finland into a vast ico-dammed lake or inland fresh-water sea, having an area 
which has been estimated by Be Geer at 570,000 stpiare. kilometres, that is, about as largo 
as the Caspian Sea, Lake Su 2 K‘rior, and Lake Michigan all joined into one. The records 
of this vast expanse of fresh water are to bo HO(*n in slu'cts of clay and sand found at 
many places all round tlio coasts uii to heights of more, than 100 feet above the present 
sea-level. Those de^iosits contain lacustrine shells (Liminru omfa, L. pahmtm^ Planwlis 
cojUoHiis, P. martjiiutius, Valrafit cHMu, Bithinm fmfacidatu^ Pmdmut, several species, 
and especially the little limpet-like Aoteylm and liavo. received the name of 

-^m*2/2its-gi*oup. 

Interesting evidence of the gmdual disapiienrauee tif the Arctic climate is supplied 
by the older parts of the peat-mosses, where such ]>lants as pohuis and Bekda nma^ 
and the remains of the little Arctic jdiyllopod crustacean ApUfi yfaiMit are preserved, 
while the dojiosits of calc-sinter have* yielded loaves of hazel and other plants of a 
less northern tyjio. While these cliriiatai changes were in jirogress the gcnoml level 
of the region, which at tho time of the Antiylm-mn was higher than at present, began 
once more to sink until the maritime low grounds all round 8eaudinavia, Finland, and 
Esthonia were submerged. There were then deposited tho clays and sands which 
have received the name of tho AfWon7i(r.-group, from tins (^omTIlon gasteropoda in them 
[Littorina litovGa, L, nidis, Gardiuhi aiuJe,, MyUlm vdalis), A subse<|uoiit movement of 
elevation has brought tho land up to its ju’csent ])ositioiJ.‘ 

ground to the west was clear of ico, tho drainage of the valleys was dammed up, and a large 
lake was formed which for a time incrciwwl in size as the ice shrank and laid bare more 
ground. The siiecossivo stages in tlm ilovelopiuent and diminution of the lake can still be 
made out. “Den ceutraljiiintska Issjdn,*' JVa-r, 1897, H. 1, p, 42, 

^ A valuable contribution to the discussion of tlje extent and amount of the submergence 
of Southern Finland in the Yoldia and Littoriua seas has been made by H. Borghell of the 
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Germany.^ — Since .the year 1878 an active exploration of the earlier memorials of 
the Glacial Period has been earned on in Kortheni Germany, with the result of bringing 
out more clearly the evidence for the prolongation of the Scandinavian and Finland ice 
across the Baltic and the plains of Germany even into Saxony. The limits reached by 
the ice are approximately fixed by the lino to which northern en-atics can bo traced. 
Beneath the oldest members of the glacial drifts, deposits are found in a fragmentary 
condition containing shells now living only in Southern Europe, such as Fivipanis 
diluviana and Gorbicula ftwninalis. Above the glaciated rooks comes a stiff, 
unstratified clay, with ice-striated blocks of northern origin— the till or boulcler- 
clay (Geschiebelehm, Blocklehm). Two distinct boulder-clays have been recognised 
— the older or till sex)arated by interglacial deposits from the newer. Terminal 
moraines marking the limits of the ice-sheet have been found in the form of ramparts 
of Scandinavian blocks and gravel, which have been tmced for many miles along the 
coast-line and across the plains of Noi-thern Germany.^ The sources of the various 
ice-streams which united to form the great ice-sheet that crept over the Germanic idain 
are well shown by a study of the stones in the moraine material. The Scandinavian 
rocks are found towards the^west and the Finnish towards the east of the glaciated area. 
Successive pauses in the retreat of the ice-sheet have been recognised in the boulder- 
ramparts, in belts of mounds that were formed at the melting edge of the ice,^nd in 
the sheets of sand and gravel spread out beyond.® At the southern edge of the 
northern diift at Deuben, a little south from Dresden, remains of an Arctic flora have 
been found, comprising leaves of Salix herhacea, S. rctusa^ Folygmmm vivqmrmiij 
Saxifraga oppositifoliaj S. Mrculns, remains of CaHces and mosses with Suwinea 
oUonga and fragments of beetles.** Among the intercalated materials that soxjarato the 
two boulder-clays arc layers of peat, with remains of pine, fir, as^ieii, willow, \\hite 
birch, hazel, hornbeam, i»ox)lar, holly, oak, juiiix)er, ilex, and various water-x^lants, in 
particular a water-lily no longer living in Euroiie. With this vegetation are associated 
remains of Elcphas aiU^iquus, mammoth, rhinoceros, elk, megaceros, nfiiidoer, miisk-shcep, 
bison, bear, &c. Some of the interglacial deposits are of marine origin on the lower 
grounds bordering the Baltic, for they contain Qgprimi islandica, Portlandia aretka^ 
Tellina {Ma^oma) IjaUhim {soHdifla)^ &c. Among the youngest glacial, and ]n’ol)ably 
in jiart interglacial, deposits are the u]>per sands and gravels (Geschiebedccksand), 
which spread over wide areas of tho Germanic xdain, x>artly as a more or less uniform 
but discontinuous sheet, and jtartly as irregular hillocks anil ridges strewn with erratic 

Finnish Geological Survey (“Bidrag till Kaniiedonicn oni sbdra Fiiilands kvartsira Nivii- 
forandringar,’* Helsiugsfors, 18961. He shows how from zero at St. Petersburg the depression 
progressively increased towards tlie north-west. 

^ There is now an anijde though recent literature devoted to the glacial jdienonuma of 
Germany. The volumes of the Zcitsch, iMtfscIi. deoJ. ( U'Hdhdmj't for 1870 and subsequent 
years contain papers by G. Berendt, H. Crediier, »I. E. Geinitz, A. Ilelland, K. Koillnick. 
F. Noetling, A. Penck, R. Richter, F. Wahiischafle, F. Schmidt, &c. See also tlie Juhrh, 
Prevss, (weol. Lnndemndnit for 1880 and following years ; the Maps and Expliinaiions of the 
same Survey for the neighbourhood of Berlin (27 sheets) and the lueinoh's of the Geological 
Survey of Saxony. The work of Dr. Keilhack is specially wortliy of the attention of the 
student, particularly the papers in Jah'd), Ptcunn, (Jeof, LandcauMut, fi*om 1889 onwards, 

® G. Berendt, Jahrh. Prenns. U'en/. Lantfmmtif, 1888, p. 110 ; K. Keilhack, op. n'f. 1889, 
p. 149. 

® Dr. Keilhack has traced what he believes to be five distinct stages in the btickw'ard 
shrinkage of the ice during the last of the tlirce glacial epoch’s into whiidi Hie divliles 
the whole Ice Age, Jahrh. Prems. deol. jMndmtnsf. 1898, p. 00. Tho end-moraines of 
Schleswig Holstein are described by C. Gottsche, Mitth, dmgnipU, den. Jfandnmjf xiii. xiv. 
(1897-98), who gives lists of the shells from the marine diluvium. 

^ A. G, Nathorst, 6/rei\ Vet. Akcut. FUrhamit. litookhoJm^ 1894. 
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blocks, and enclosing pools of watei* and poat-bogs. These mounds and ridges, with 
their accom])aiiyiug sheets of water, form a conspicuous feature of the low tract of 
country from Schleswig Holstein ^ eastwards to the Vistula. 

In some of the mountain groups of Germany there is evidence that probably at the 
height of the Ice Ago glaciers existed. Eoferciice has already been made to the moraine 
mounds of the Vosges and Black Forest,-* and to the fact that the glaciers of the 
western hill-groups were more extensive than those to the east. In the Carpathian 
range, a series of moraines, sometimes enclosing lakes, is distributed in the valleys that 
radiate from th^ Hohe Tatra.** On both aides of the Riosengebirge, moraines occur. 
At the sources of the Lomnitz, on the southern side, they enclose two lakes at the foot 
of high recesses and cliffs.” No certain traces of glaciers appear to have been mot with 
ill the eastern part of the Sudeten range, nor in the Erzgebirge or Thuringevwald. 
Farther nortli, in the Harz, mounds of detritus which resorablo mominos have hcon 
referred by Kayscr to glacier-action.” The Gorman Alps and the Bavarian plateau bear 
witness to the former greater extent of the still remaining gla(iiers, and to the spread 
of the ice across wide tracts from which it has long retreated.’' The chain of the 
Carpathians was likewise a distinct glacier centre.” 

France, Pyrenees. — As France lay to the south of the northern icc-sheet, the tnio 
till oi#boulder-clay is there ahaent, as it is for the same i-oason from the south of 
England. It is consequently diflicult to decide which superficial accumulations arc 
really contemporary with those termed older glacial farther north, and which ought to 
be grouped as of later date. The ordinary sedimontatiou in the non-glaciated area not 
having been intermitted by the invasion of ilio ice-sheot, deposits of pre-glacial, glacial, 
and post-glacial time naturally pass insensibly into each other. The older PleLstocone 
deposits (perhaps interglacial) consist of iUiviatile gravels anil clays which, in their com- 
position, belong to the drainage systems in which they oecur. I’hero is generally no 
evidence of transport from a great distance, though, in the Cham]) <le Mars at Paris, 
blocks of sandstone and conglomerate nearly a yard long sometimes occur, as well as 
small pieces of the granulito of tin* Morvan. En-atlcs at (Calais and on the coast of 
Britanny may also have hoeii carried a long w'ay.” The rivers, however, were prohably 
much larger during some part of the Pleistocene period than they now are, and the 
transport of their stones may have been Homotimes offectod by floating ieis as has been 
forcibly show'ii by Professin- Barrois in veferenee to the old gravels of Brittany.*” Tln^y 
have left their ancient ])hitfonns of alluvium in siiccessivc terraces high ahovo tlio 
present watercourses. Each ternico consists generally of tlu^ following suecessiou of 
deposits in ascending order : — (1) A lower gravel {ijmHrr drfomf), the ])el)l)les of which 
are coarsest towards the bottom and are iutei-stratiluHl with layers of sand, sometimes 

* The glacial idieiioniona of Denmark and Se.hleswig RolsUdii are discussed by Gottscho 
in the series of papers cite<l above ; by V. Madsen in the Kxjdanatory Memoii-s to accompany 
the sheets of the Geological Survey nmji of Denmark. The dunisslc, Neocomian and Gault 
boulders found in Denmark arc iliscusHiid by Miss Hkeat ami V. Matlsen in No. 8 of the 
second series of these Explanations (1898), 

- H. Hogaril, ‘Terrain ernithpie <les Vosges,' 1851. A, Delehecapie, “Hysteme glacinire 
des Vosges Fran^aises,” Jkcll. Oarfv Frant'e, No. 79 (1901). 

” J. Pai-tscli, ‘Glotseher dor Voraeit in der Karpathc.n uiul der Mittelgehirgen Deut^ch- 
lands,* Breslau, 1882, p. 116. 

•* Partsch, at, p. 9. 

” Ihitl, j). 55. 

” boiien and Kayaer, Z, l>, d, U, xxxiii. (1881), 

A. Penck, * Vergletacherung der DoutHchen Alpon,” 1882. ' 

” J. Partsch, ‘ Die Gletschor der Vorzeit.’ 

” Oh. Velain, JiulL tina. UH, FrmrSf xlv. (1886), p. 669 

1” Ann, Sor. (W. Xmf, iv, (1877), p. 186. 
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inclined and contorted. (2) Grey sandy loam {scCbU gras). (3) The foregoing strata 
are covered by yellow calcareous loess, or with an overlying dark broTO loam or 
brick-eai-th. The upper exposed parts of the gravels and sands are commonly well 
oxidised, and present a yellowish-brown or deep reddish-brown tint, while the lower 
portions remain more or less grey. Hence the old names diluvium gh'is and diluvium 
rouge. The gravels and brick-earths have yielded terrestrial and fresh-water shells, 
most of which are of still living species, and numerous mammalian bones, among which 
are Rkinocefros antig^iitatis {tichorhmtis). It. ctrusGUs, R. UptorhimiSj Hippopotamus 
amphibius, Mephas antiqmiSt B. primig&uvus, wild boar, stag, roe, ibex, Canadian elk, 
musk-sheep, urns, beaver, cave-bear, wolf, fox, cave-hysena, and cave-lion. Palceolithic 
implements found in the same deposits show that man was a contemporary of these 
animals (see p. 1355).^ Even as far south as Oharente from fissures in a Cretaceous 
limestone remains of a fauna with northern species have been obtained, including 
ArctoTiiys marmotitti Spermophilus rufescens^ Lepus variaMlis, Microtus (Arvicola) 
amphibius^ M. ratticeps, Canis mlpes^ 0. lagopus^ 0. lupus, Hyesmu croc/iUa, Mustela 
pittorvus, Fdis leo (spelsea), Egvrn caballus. Bison priscus (?), and lUmgifer {C&rvus) 
taraindus.^ In the south-west of France the arctic fox has also been obtained, together 
with the musk-sheep. 

It is in the cenfa'e and east of France that the most unequivocal signs of th^^ice of 
the Glacial Period are to be met with. The mountain gi-oups of Auvergne, which even 
now show deep lifts of snow in summer, had their glaciers whereby the solid rocks were 
smoothed, polished and striated, and moraine heaps with large blocks of rock were 
strewn over the valleys ; not only so, but there is evidence in that region of a retreat 
and redesoent of the ice, for above the older moraines lie interglacial deiiosits contain- 
ing abundant remains of land-plants, with bones of ElepJuis mcruUonalis, Rhinoceros 
leptorliims, &c., the whole being covered by newer moraines.*'^ 

The much lower grounds of the Lyonnais and Beaujolais (rising to more than 8000 
feet) likewise supported independent snowfields."* The glacier of the Khone and its 
tributaries at the time of the maximum glaciation was so gigantic as to till up the 
hollow of the Lake of Geneva and the vast plain between the Bernoso Oberland and the 
Jura, It crossed the Jura and advanced to near Besauyon. It swept down the valley 
below Geneva, and then, joined by its tributaries, spread out over the lower hills and 
plains until the whole region from Bomg to Grenoble was buried under ice. TJie 
evidence of this great extension is furnished by rock-stiia*, transported blocks, and 
moraine stuff.® 

The chain of the Pyrenees nourished along its whole length an important tract of 
snowtield, whence glaciers descended all the main valleys and there shod their moraines.’* 
The phenomena are quite comparable to those of the Alps or the more northerly groups 
of mountains. It would ai)pear that even as far south as the Serra da Estrella of 


1 A detailed study of the Quaternary deposits of the north of France has been made by 
J. Ladriere, who divides them into three stages, each marked off by a gravelly layer at the 
base and terminating above in a loam with teiTCstrial vegetation and fresh-water and terres- 
trial shells. The lowest is the assise with Mcplui^ primigenius and Rhinormis ticJiMrlnnus, 
Ann. JSoc. OSol. Nord, xviii. (1890), p. 93. 

® M. Boule and G. Chauvet, Oo7npt. rend. May 1899. 

3 Julien, ‘ Des Phenomenes glaciaires dans le Plateau central de la France,' 1869 ; 
Ranies, B. S. (i. F. 1884. A clear summary of the glaciation of Auveigne is given by M. 
Boule in the Annules de (I^graphie, 16th April 1896. ^ 

* Palsan and Chautre, * Anciens Glaciers,’ ii. p. 384, 

® Falsan and Chantre, op. dt. 

® See the account given by Dr. Penck in the Mitt. Ver. Brdhnnde LeiprJg, 1883, with a 
bibliography up to that date. 
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Portugal, wliicli iu lat. 40*16 ‘N. rises to a height of more than 6000 feet, glaciers 
existed and produced their striated rocks, moraines, and erratic blocks.^ 

Belgium. — The Quaternary deposits of this country, like those of northern France, 
belong to a former condition of the present river-basins. In tlio higher tracts, they are 
confined to the valleys, but over the j plains they s]>read as more or less continuous 
sheets. Thus, in the valley of the Meuse, the gravel- terraces of older diluvium on 
either side bear witness only to transport within the drainage-basin of the river, though 
fragments of the rocks of the far Vosges may be detected in Lhcm. The gi'avols are 
stratified, and are generally accom}>aniod by an upper sandy clay. In middle Belgium, 
the lower diluvial gravels are covered by a yellow loam (Hesbayan), probably a con- 
tinuation of the German loess, with numerous terrestrial shells {Kitcmica ohhnga, Pupre 
m'lisconim, Helix [Rijtjromia} hispida\ In lower Belgium, this loam is replaced by the 
Campinian sands, which have been observed lying upon it. The Belgian caverns and 
some parts of the diluvium have yielded a large num])cr of nnmimaliau remnius, 
among which there is the same e-ommingling of ty])es from cold and from warm 
latitudes so observable in the Pleistoceue beds of Kngland and France. Thus the 
Ai'ctic reindeer and glutton arc found with the Alpine chamois and marmot, and with 
the lion and grizzly bear. 

ThdiAlpB.^ — Reference has alreatly been made to the vast <ix tension of the Alpine 
glaciers during the Ice Ago. Evidence of this extension is to be seen both among the 
mountains and far out into the surrounding regions. On the sides of tho groat valleys, 

. ice-striated surfaces and transported hlotdcs are found at. smdi heights as to show that 
the ioc must liavo been in some places 3000 or 4000 f(‘(*t thi(^ker than it now is. Tho 
glacier of the Aar, for instance, which was a oomparativedy short one, being turned txside 
’by and merging into the largo .stream of the Rhone glacier near Bcumic, attained such 
dimensions as not only to fill up tho valley now occupied by tho Lakes of Tliun and 
Brienz, but to ^override the surrounding hills. The marks imuh\ ))y it are found at a 
height of 930 metres above the valley, which with 305 metres for the (lo]>th of Lake 
Brienz, gives a thickness of at least 1236 metres or 4000 fc(‘t of ice moving tlowu that 
valley. Judging from tho evidence of the heights of the stiumhal blocks, tlie slope 
of this glacier varied from 45 in 1000 iu its u})per parts to not more than 2 in 1000 
towards its termination.-^ From the variation iu the direction of tlui strias as well 
as in the distribution of the traiisijortod blocks, there can be little doubt that the 
Alpine glaciers varied from time to time in relutiv<*. <limcnsions, so tlnit thei-o was a 
kind of struggle between them, one ^mshiug aside another, and again being pushed 
aside in its turn. 

Turning to tho regions beyond the mounfaiins, we find that proofs of glaciation reach 
to almost incredible distances. Tho Rhone glacier has already b(*en referred to as over- 
whelming tho mountainous and hilly intervening country, ami tlu-owing down ite moraines 
with blocks of tho characteristic rooks of the Valais wliertt Lyons now .stands, that is, 

^ J. F. Nery Delgado, ('hmm. I>im\ TnOnfL fkul. iii. Fasc. i. (1896), 

Besides the works of Falsaii and (Uiautrts INmek ami Parisch, alK)vc cited, the 
student may consult Morlot, JStb, Univ, 1865 ; JML VanJ, JScI Hat. 1858, 1860. 
Heer, * Uvwelt der Schweiz.’ The map of the ancient glaeiei-s of tho north side of the Swiss 
Alps, published in four sheets by A, Favre, (hnieva, 1884. C. W. (Jilmhel, Ahid, 
Wien, 1872. R. Lepsins, ‘Das wostliclio SUd-Tirol,’ IJi^rliu, 1878, A. Heim, ‘Handbuch 
der Gletscherkunde,’ 1885. Baltzer, MUtheit. Katnr/, Ik‘me, 1887» **Der Diluviale 
Aargletscher,” Mitnig. OetL Kart. JSvhmlz. Xaef. 30, 1896. Aej^pli, tp. eit. Lief. 84. 
Reuevier,*7i?^^f. Bnu JMi\ 1887. A. Bohm, JuMn k\ h. thol. Jteu'hmnat. sxxv. (1886), p. 
429. A. Penck, E. Brtteknor, and Tj. dii Pa.sfiuicr, in their memoir already citticl on p. 1301, 
which was publiHhe<l os a guide to the glaciation of the region during tho meeting of the 
lutoruational Geological Congress at Zurich in 1894. 

■* A. Favre, Arch. Set. Phys. Kat. xil 1884. 
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170 miles in direct distance from wliere tlio present glacier ends. The same icc-slioct, 
swelled from tlie northern side of the Bernese Oherland, overflowed the lower ridges of 
the Jura, streaming through the transverse valleys, even as far as Ornaiis near Besaiujon. 
Turning north-eastward, it filled up the great valley of Switzerland, and, swollen by the 
tributary glaciers of the Aar, the Reuss, and the Linth, joined the vast stream of the 
Rhine glacier above Basle. The enomious met de glacG poured over the Black Forest 
and down the valley of the Danube at least as far as Sigmariugen, where blocks of the 
rocks of the Grisons occur. Eastward it was joined by the gi’eat glacier that descended 
from the Swabian and Bavarian Alps, and of which the moraine-heaps are streivii over 
the lowlands as far as Munich. The Tyrolese and Caiinthiaii Alps were likewise buried 
under an icy covering which sent a huge glacier eastwards down the valley of the Diau. 
On the south side of the Alps, the glaciers advanced for some way out into the plains of 
Lombardy, where they threw down enormous moraines, which sometimes reach a height 
of more than 2000 feet (Ivrea). These vast accumulations, to which thei'e ia no parallel 
elsewhere in Europe, rise into conspicuous hills and crescent-shaped ridges round the 
lower ends of the upper Italian lakes. At some of these localities the moraine stuff 
rests on maiine Pliocene beds. It is possible that the glaciers actually reached the sea- 
level.^ There appears to be no doubt, at least, that they descended to a lower level on 
that side than on the northern side of the Alps. ^ 

By tracing the distribution of the ti*ansported blocks, the movements of the ancient 
glaciers can be satisfactorily followed. These blocks are not dispersed at random over 
the glaciated area. Each glacier carried the blocks of its own basin, and, where these 
are of a peculiar kind, they serve as an excellent guide in following the march of the 
ice. Not only were the blocks in each drainage area koj^t sej)arate from those of ad- 
joining basins, but those on the left sides of the valleys do not, except along tlie 
junction lines, mingle with tho.se of the right sides. As a rule, tho blocks lie along the 
slopes of the valleys rather than on the bottoms, and are often disposed there in groiip.s 
or lines. In the Arve valley, near Salhinches, for example, a zone comprising sev(‘ral 
thousand granitic boulders runs for a distance of more than three miles. The blocks 
of Monthey have long been famous. On the flank.s of the Jura near Bolothurn, tho 
boulders of Riodholz, stranded there by the ancient Rhone glacier, still miinbcr 228, 
though they have been reduced by the quarrying operation.s, now hapi)ily interdicted 
(see Figs. IdO, 161, 162).*-^ 

That the Ice Age in the Alps, a.s in Northern Eui*oi>c, was interrupted by at least one 
warmer interglacial period, when the ice retreating from the valleys allowed an abundant 
vegetation to flourish there, is shown by the lignite.s of Diirntcii (Canton Zurich), 
ITtziiach (St. Gall), H<)tting (near Innspruck), and .several other places. These deposits 
can here and there be seen to overlie ancient moraine stii If ; they are intorstratilicd with 
fluviatile gravels and sands, which again are surmounted with scattered orratic bloclcs 
belonging to a later j>eriod of glaciation. Among tho.se interglacial vegetable acc.iuim- 
latious Heer recognised several pines and Mrs {Pmua ahii% P. sylmtviH, P, mmtmia), 
larch, yew, oak, sycamore, hazel, mosses, bog-benn, bulrush, raspberry, and 
paUt>stre, as well as bog-mosses, all still growing in the surrounding (jountry. With 
the plants there occur the remains of Elepluntj H/hvocltos dritunis^ JJos var. 

primigeniiis or xinis, rod - deer, cave - boar, likewise traces of fresh - water shells and 
insects, chiefly elytra of beetles. 

The succession of main events in the history of the Ice Age in Swdlzorland have been 
tabulated as follows ; ^ — 

^ The surface of the Logo di Garda, round the lower end of which glacier iiioraiufc extend, 
is little more than 200 feet above the sea-level, 

3 Favre, Ardu Sci. Phys. NaU xii. (1884), p. 399. 

** Penck (‘VeigletscherungderDeutschenAlpen’) bclieve.s that evidence can be traced 
of nt least three distinct iieriods of glaciation in tho Alps. Heer, ‘Urwelt dor Schweiz’ ; 
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Post-glacial. Auciont lacustrine terraces (160 feet above present level of Lake of 
Geneva), deltas, and river gravels with Lhn.iiwa sta-gnalis, and other fresh-water 
shells, bones of main moth ('^). Gradual lowering of the level of the lakes through 
the cutting dow'u of the moraine harriers. 

Third glacial period. Erratic blocks and ternihial moraines of Zurich, Baldegg, 
Sempach, Berne, with an Arctic flora and fauna. Schotter of the lower terraces, 
and of Utzuach, Wangen, Ileidhach. Au, Glatthal, Sihlbriigg. 

Second interglacial series. Lignites and clays of Utzuach, Wangen, Diimteii. 
Wetzikon, covered bj’ the moraine stutt* of the third glaciation and overlying older 
I r.' antu/uvs. Rhinoceros megarhinvs {MercJdi), Tliis 
i- . -ded as having lasted a shorter time than the first. 

Second glacial period. Greatest extension of the glaciers ; chief accumulation of 
moraines ; deposit of the extramorainic high-teirace schotter. 

First interglacial interval, supposed to have contiuueil for a long penod of time, 
during which the last uplift of the mola.sse on the skirts of the Jura took 
place ; subsidence of the body of the Alps ; birth of some lakes, such as those of 
Zurich and Zug. During this period valleys were eroded in the molasse and 
progressively deepened while the slopes were terraced. 

First glacial j^eriod, suppose<l to be indicated by the deposit of the Decken-schottor, 

Russia. — A vast extent of Russia was buried under the greatest extciiHion of the ico- 
sheet, the southward limits of which across the country have already been stated (p. 1305). 
There ftppears to be evidence that the second advance of the ice not only affected the 
western lowlands that were covered by the Baltic glacier, but even the centre of the 
countiy. Proofs have been obtained of an interglacial period in Central Russia marked 
by lacustrine deposits intercalated between glacial clays. They have yielded an abundant 
fiora, including alder, lurch, hazel, willow, fir, water-lilies, and remains of mammoth 
&c.^ Perhaps the most singular feature of the glacial deposits of Russia is to be found 
in the sheets of ice which, underlying and intoi'stratified with the clays, have survived 
as actual fossil remains of the ice-sheets of the Pleistocene ages along tbo. low grounds 
of the coast-region of Siberia, and in the oj)posibo New Siberian Islands. The ice is 
sometimes separated from the living vegetation, including larch tre<*s, by a mere thin 
layer of humus, or is covered with a layer of peat full of well-preserved leaves and 
fruit of alder (Aims frHtkosa), It has been called stone-ice,’* “deud-ice,” “ fossil - 
glacier,” and has been clearly made out to form a shoot of variable thickness resting 
on a ground-moraine and covered by fluviatile or lacustrine strata of clay and sand, 
which in their lower parts are sometimes interleaved with thin laminie of ice or aie 
permeated by ice and solidly frozen. In some places the ice ends at tlu^ coast in a lofty 
vertical clilf, witli the thin layer of soil or peat anil living Arctic vegetation on the 
summit. From the frozen sedimentary deposits that overlie tlie ice, carcases of the 
mammoth and lUihweeros mctjnrhium (Merckii) have been obtained, .sometimes with 
the flesh, skin and hair still perfectly preserved. Tlie same strata have yielded shells 
of i^phfrriinn, Valvahi, Visklimn^ larvm of PUrggiwmi and remains of Arctic birch 
(Betnla. naiui) and specic.s of willow. The large mammals appear to have perished, 
owing perhaps to some general change of climate, and their bodies when immoi'sed 
ill the silt of lakes or rivere were eventually frozen there, and so have remainod till 
the present time. The inusk-sheeij and reindeer, which wore their oontem]>oraries, were 
more fortunate in withstanding the unfavourable meteorological ■ conditions, and still 
survive in the Arctic mgions.- 

A. Aeppli, “ Erosionsteimsseu uud Glazialschottor in ilircr Bezielmng zui* Eutstehuug des 
Ziirichsees," Jleitnig, ^W. Kart, Lief. 34 (1894), p. 116. 

^ N. Krischtafowitsch, Bull, Boa. Im,p, Nat. Mosmi,, No. 4 (1890) ; Ann, (Hoi, Min. de lu 
RmsU, War.sau, 1896. On glaciation of Urals see Nikitin, Jahilt. i. (1888), p, 172, 
Frauloin A. Missuua de.scrnH‘.s two bands of end-moraines in the departments of Wilua, 
Witebsk, and Minsk, Z, J). G, <J. 1002, p. 284. 

® For a detailed history of the investigation of the Siberian ice-cliffs and their organic 
remains, with a narrative of personal exploration of them, see the able and interesting memoir 
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Africa. — An interesting proof of a former greater extent of the existing glaciers is 
furnished by Mount Kenya, which in British East Africa rises almost on the equator to 
a height of about 19,500 feet above the sea, and covers an area of about 700 square miles. 
Some 5400 feet below the limits to which the glaciers have now retreated they have 
left moraines, rock-strise, perched blocks and glacial lake basins, and these are on such a 
scale as to indicate that they were produced not by mere valley-glaciers but by an ice- 
cap that covered the whole mountain. Professor Gregory, wliose observations made 
known these features, believes that the glaciatiorr was due to a former gi*eater elevation 
of Mount Kenya, which has been reduced by subsidence and denudation, there being 
no evidence of any univei'sal glaciation of the region.^ 

North America.® — ^Tho general succession of geological changes in Post -Tertiary 
time appears to have been broadly the same all over the northern hemisphere. In 
North America, as in Europe, there is a glaciated and non -glaciated area ; but the 
line of demarcation between them has been much more clearly traced on the western 
side of the Atlantic. The glaciated area extending over Canada and the north-eastern 
States presents the same characteristic features as in the Old World. The rocks, where 
they could receive and retain the ice-markings, ai’e well-smoothed and striated. The 
direction of the striae is generaUy southward, varying to south-east and south-west 
aecoi*ding to the form of the ground. The gr’eat thickness of the ice-sheet is sti^feingly 
shown by the height to which some of the higher elevations are polished and striated. 
Thus the Catskill Mountains, rising from the broad plain of the Hudson, have been 
gix)und smooth and striated up ,to near tlieir summits, or about 3000 feet, so that the 
ice must have been of even greater thickness than that. The White Mountains are ice- 
worn even at a height of 5500 feet. G. M. Dawson has found glaciated smiaces in 
British Columbia 7000 feet above the sea.® 

On detailed examination of the rock-striation it has been found that the ice probably 
had its origin mostly if not entirely on the continent itself, and that it radiated from 
certain areas of maximum accumulation of snow. Of these areas there appear to have 
been at least three in the north of British America. The most easterly, knowm as the 
Laurentide ice-sheet, covered the wide peninsula between the depression of Hudson Bay and 
the Labrador coast, aud streamed southward across the basin of the St. Lawrence and 
the north-eastern States into Pennsylvania and as far w'est as the valley of the hlississippi. 
A second centre of dispersion, which gave rise to what has been called the Keewatin ice- 
sheet, lay to the Tvest of the Hudson Bay hollow, whence the ice radiated in all directions. 
On the nortli side it moved towards the Arctic Ocean, on the east it descended into the 
low ground till it joined the Laurentide sheet and moved southward to shed its 
teiTuinal moraine in Iowa and Dakota. The third centre lay far to the west in the 
Canadian portion of the lofty Cordillera of the Rocky Mountains, and gave birth to a 
vast ice-sheet which moved westward down the steeper slope into the Pacific and south- 

of Baron E. von Toll in Mem. Ahid. Imp. St Pet&rsiourgi xlii. (1895), No. 13 ; also A. G. 
Nathorst, Ymer, 1896, p. 79. 

1 Q. J. a. S. 1. (1894), p. 515. 

® See J. D. Whitney, “ Climatic Changes of later Geological Times,” Mem. Mus, Comjpwr. 
Zool. vol. vii. 1882 ; and papers by J. D. Dana, T. C. Chamberlin, R. D. Salis- 

bury, W. Upham, George M. Dawson, H. Carvill Lewis, G. P. Wright, S. Calvin, I. C. 
Russell, B. K. Emei’son, J. B. Tyirell, H. L. Fairchild, R. S. Tarr, P. Leverett, and others 
in Amer. Joiim. Sd., Aonerican Geologist, Jowt'nal of Geology, Canadian HaturaMst, 
Canadian Joartwl, Ann. Exports, Bulletins and Monographs of U.S. Oeol. Survey; OeoL 
Siarv. Hew Jersey ; Seco'^id Geol. Stiro. of Pennsylvania; Ji^orts of the Canad’Jhn Geol. 
Survey; J. W. Dawson, ‘Acadian Geology,* 1878;’ ‘Handbook of Canadian Geology,* 
1889 ; ‘The Canadian Ice Age,* 1893 ; G. M. Dawson, Trans. Roy. Soc. Cameda, viii, sect, 
iv. (1890), p. 26 ; G. F. Wright, ‘Man aud the Glacial Period,* ‘The Ice ALge in America.* 

® Geol, Mag. 1889, p. 351 ; see also W, Upham, Appalachia, v. (1889), p. 291. 
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eastward into the high inland plateaux. Besides these great mers lie fjlace there were 
minor glacier centres among the higher mountain groups farther south. 

As in Europe, the glacial deposits increase in thickness and vaiiety from south to 
north, spreading across Canada, over a considemhle area of the north-eastern States, 
and rising to a height of 5800 feet among the White Mountains. Fi’om the evidence of 
the rock-strifle and the dispersion of boulders, it has been ascertained that, thougli 
the glaciated region was probably buried under one deep continuous wer de glace 
like that of Greenland at the present time, there were considerable variations in 
the direction of motion, owing partly to the individual movements of the several 
ice-sheets and partly to inequalities in the general slope of the ground underneath. 
Nothing, however, is more striking than the apparent indilferenco with which the 
ice streamed onward, undeHected even by considerable ridges and hills. The line 
of the southern margin of the ice can still be followed by traidng the limits to 
which the drift deposits extend southwards. From this evidonce we leaiu that the ice- 
sheet ended olf in a sinuous lino, protriuling in great tongues or promontories and retir- 
ing into deep and wide bays. In the eastern States, the southern limit of the glaciated 
region is marked by one of the most extraordinary glacial accumulations yet known, 
and to which in Europe there is no rival. It consists of a broad irregular band of 
confused heaps of drift, or more strictly of two such bands, which sometimes unite into 
one br^d belt and sometimes separate wide enough to allow an interval of twenty or 
thirty miles between them, each being from one to six miles in breadth and i-ising 
several hundred feet above tlie surrounding country. The surfat*e of these ridgc.s 
presents a characteiistic hummocky aspect, rising into cones, domes, and conlluent 
ridges, and sinking into basin-shaped or other irregularly-formed depressions, like the 
kamca or osar of Europe. Tho upper part of the material composing the ridges 
* generally consists of assorted and stratiiied gravel and sand, tho stratilieation bedng 
irregular and discordant, but inclined on the whole towards tho south. Below those 
reariungod materials is a boulder-drift — mixture of clay, sand, and graved, with boulders 
of all sizes, up to blocks many tons in weight and often striated. Though some- 
times indistinguishable from ordinary till, it presents ns a rule n greater preponderanco 
of stones than in typical till, but contains also liuo stratiiied intercalations. A largo 
proportion of the material of the ridges lias boon derived from rooks lying immediately 
to the north, and the nature of tlio ingredients constantly varies with tho changing 
geological structure of the ground. Th(*re is also always ]U'cseut a greater or loss 
amount of detritus representing rocks along tho lino of drift-movomont for 500 
miles or more to the north. Tho band of drift-bills lies Homotinies on an ascending, 
sometimes on a doseonding slope, crosses narrow mountain ridgo.s and forms embank- 
ments across valleys, showing such a disregard of tho topogi'apliy os to prove that it 
cannot have been a shore-line, and has not boon laid down with rcforcnci*. to tho present 
dminago system of the laud.^ 

To this remarkable belt of promincmt hummocky ground tho name of “ terminal 
moraine ’* has been given by tho American geologists who Imve so sucoossfully traced 
its distribution and investigated its structure. The. conditions, however, under which 
the drift rampart in question was formed certainly difrore<l widely from those that 
determine an ordinary terminal moraine. The constituent materials can hardly have 
travelled on tho surface of the ice, but must rather have lain undenicatli it or have been 
pushed forward in front of it. But the mode of foniiation is a ]>roblcm which, though 
recent obseiwations in Greenland and Spitzbergen (p. 64.4) have thrown light on it, 
cannot be said to have as yet been wholly solved. 

There seems good reason to believe that there arc at least two “terminal moraines” 
belonging to two distinct and porliaps widely 80 ];>aralo<l epochs in the Ice Age. Tli<^ 

1 H. C. Lewis, “ Report on tho Terminal Moraine,’* Second Umh Suro, RematglmniUf 
Z, 1884, p. 45, with Preface by J. P. Liesley. 
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moat southerly and therefore oldest of them begins on the Atlantic border off the south- 
eastern coast of Massachusetts, where it is partially submerged. Rising above the level 
of the sea in Nantucket Islands, Martha’s Vineyard, No Iklan's Island, and Black Island, 
it is prolonged into Long Island, of which it forms the back-bone, and where it reaches 
heights of 200 to nearly 400 feet. A second or later and less prominent line of drift-hills 
runs along the north shore of Long Island, and is prolonged by Fisher’s Island into the 
southern edge of the State of Rhode Island, whence, striking out again to sea, it forms 
the chain of the Elizabeth Islands, passes thence into the State of Massachusetts, and 
runs nearly east and west through the peninsula of Cape Cod. The distance between 
these two bands of hummocky ridge varies from five to thirty miles. From the 
western end of Long Island the moraine passes across Staaten Island and the northern 
part of New Jei'sey, enters Pennsylvania a little north of Easton, and follows a sinuous 
north-westerly course across that State and for some miles into the State of New York, 
where, forming a deep indentation, it wheels round in a south-westerly direction, re- 
enters Pennsylvania, and passes into Ohio. Throughout this long line, the moraine 
coincides with the southern limit of the drift and of rock-striation, though in western 
Pennsylvania, in front of the ridge, scattered northern boulders are found over a strip of 
ground which gradually increases south-westwards to a breadth of five miles.’ Beyond 
Central Ohio, however, the drift extends far to the south. Taking its limits as probably 
marking the extreme boundary of the ice-sheet (then at its largest), we find thal^t goes 
southwards, perhaps nearly as far as the junction of the Ohio with the Mississippi, 
sweeping westwards into Kansas, and then probably turning northw'ards through 
Nebraska and Dakota, but keei^ing to the west of the Missouri River. 

The inner or second teminal moraine is characteristically developed in the southern 
part of the State of New York, lying well to the north of the first moraine, and much 
more iiTegularly di.stribiited. South-westwairis the tw^o series of ramparts unite at the 
jsharp bend of the older ridge just mentioned, and continue as one into the centre 
of Ohio. This junction probably indicates that the southern edge of the ice at the time 
of the second moraine, though generally keeping to the north of its previous limit, 
reached its former extent in north-western Pennsylvania, uud united its debris wdth 
that left at the time of the greatest extension of the ice-sheet. From the middle of 
Ohio, the younger moraine pursues an e.xtraordinarily sinuous course. One of its most 
remai’kable bends encloses the southern half of Lake Michigan, which w^as the bed of a 
great tongue of ice moving from the north. Immediately to the west of this loop there 
lies an extensive driftless area in Wisconsin and Minnesota. The course of the moraine 
bears distinct witness to tlie independent direction of flow of the united glaciera that 
constituted the gi’eat ice-sheet. It sweeps in vast indentations and promontories across 
Wisconsin, Minnesota, and Iowa, forming probably the most extensive moraine in the 
world, and strikes north-westw’ard through Dakota for at least 400 miles into the 
British Possessions, wdiere its further course lias been partially traced. The known 
portion of the moraine thus extends with a wonderful persistence of character for 8000 
miles, reaching across tw’o- thirds of the breadth of the continent.*** Much attention has 
been paid to the variations in the nature of the drifts in the intra-morainio and extra- 
moimuic areas, as evidence of the various advances and reti-eats of the ico.'* 

’ In this strip of ground, called by Lewis the “fringe,” though there are no rock- 
strisB or drift, scattered northern boulders occur. Op. dt. p. 201. 

2 T, C. Chamberlin, “Preliminary Paper on the Terminal Moraine,” 2nl Ann. Rep, 
U.S. O. S, 1883. Every student of glacial geology ought to make himself familiar with this 
admirable summary'. Consult also Q-. M. Dawson, * Report on 49th Pandlel ’ ; P. Wahn- 
schaffe, D. (L (w. 1892, p. 107. J. B. Tyrrell {Jiull. <hol. Soc. Aifim\ i. (1890^ p. 895) 
describes the terminal moraines in Manitoba and the adjacent territories of N.W. Canada. 

® See in. particular the Reports and Maps of Vie Qeol Surv. New Jersey, by R D. Salis- 
bury and his colleagues. 
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In the non-glaciated rogioiis, evidence of the presence and inllnence of the ice-sheet 
is probably furnished by high alluvial teiTacea, which could not luivo been forinod under 
the present conditions of drainage. From tjiis kind of evidence it is believed that when 
the ice-sheet crossed the Ohio liiver near Cincinnati, it ponded back the drainage of 
the entire water-basin of East Kentucky, south-east Ohio, AVest Virginia, and Western 
Pennsylvania, up to a height of perhaps 1000 feet, forming a lake at that level. ^ Similar 
indications of a lake, caused by an ice-dam ])onding back tlie drainage, are found at the 
head of the Red River in Minnesota.- The largest sheet of fresh water which has left its 
records in that region has been called "‘Lake Agassiz.” It occujded the basin of the 
Red River of the North and Lake Winnipeg, and ap])eai's to have been due to the inter- 
ception of the drainage northward by the united Keewatiu and Laurentide ice- sheets. 
It is coiuputed to have been 700 miles long from north to south, and to have covered, 
from first to last, an area of 110,000 sciuare miles, thus exceeding the total area of the 
five great existing lakes — Superior (31,200), Michigan (22,450), Huron with Georgian 
Bay (23,800), Erie (9960), Ontario (7240), which have a unit(‘d area of 94,650 aijuare 
miles.^ Many other “glacial lakes,*’ which no longer exist because their ice-barriers 
have disappeared, have been found scattered over Canada.*^ 

The deposits left by tlie ice-slioet within the limits of the terminiil moraines so 
resemble those of Europe that no special description of them is reciuired. The lowest 
of then? resting on icc-worn rocks, is a stilf, xmstratilicd houlder-drift or till, Adi of 
polished and stiiatcd stones. Occasional “iiitcrglaeiar* iiiATcalations of sand and 
clay, which in some places, as at Portland, in Maine, have yielded many existing sj^ceies 
of marine organisms, and in others, as in Iowa, inchuh* fru'est-heds, peat and other 
remains of land-plants, with fresh-water shells, separate the lower from an upjxjr boulder 
clay, which is loo.sev, and more gravelly and sandy than tlio ohler deposit, contains 
"larger rough and angular blocks, and has acMpiired a yellow tint from the oxidising 
iiiiiuenco of surface waters.’"’ The boulders vary up to 10 fijet (Hoimd-imes even 40 feet) in 
diameter, and have seldom travelled more than 20 miles. Th(^ boulder-elays over wide 
areas are distributed in lenticular ridges, drums, or (Iriiinliiis, from a few Iniiidred feet 
to a mile in length, from 25 to 200 feet high, and witl) a p(‘rsiste.iit smoothness of out- 
line and rounded to^w.^* As in Europe, tin* longer u.\(‘s of these drums is generally 
parallel with that of the striatioii of the underlying rocks. 

At the height of the I(!e Age tlnu'c wore hirgt^ glaciers in tlni Rocky M<mnlainK of 
the United States, whereof the small glaciers lir.st found by Hayden’s Survey among the 
Wind River Mountains in Wyoming are some of the last lingering relies.^ But tlumgli 
the ice filled up the valleys to a depth of 3600 feet or more, and transp<»rtod vast 
quantities of detritus whicli now rtunalns in prominent moraines and scattered boulders, 

^ H. 0. Lewis, “R<iport ou the 'IVnuiual Moraine,” above eit<*«l. 

W. Uphain, J^roc. Awct\ ximn;, xxxih (1883), p. 2M. 

^ For a full account of this vanished lake (now repn*Hented only by Heattc*re<l sheets of 
water in the hollows of its basin), with its terraees, dunes, deltas, and other features, see W. 
Upliuni’s elaborate and instructive monogi’ai)h, ‘The Glaeial bain* Agassiss’— a thick (juarto 
volume with numerous maps forming Monogi’aph xxv. of the (f.K H. K 1896. 

W. Uphaui, MI (ieol Soi\ Amer, ii. (1891), p. 243. Tlie vanished Lakes Bonneville 
aud Lahoutau (p. 524) are other colossal examples which, though they <li(l not owe their 
origin to ice-dams, hut to an increased rainfall, belong to Quaternary time, and may have 
been coeval with some of the times of heavier snowfall and greater mlvanee of the ice-sheets. 

® On the evidence of old soils between the boulder clays see F. Leveretl, Jmmi. (Jeol, 
vi. (1898), pp. 171, 238 ; aud ‘Interglacial Deposits In Iowa,* by Calvin, Levei’ett, H. F. 
Bain and?!. A. Udden, Pt'oe, Jumt AvmL A’cf. v, 3898. 

e W. Upham, Bout. >S7>c. AV.. JlittL xxiv. (1889), ]). 268. See on Till, W, 0. Crosby, 
op. gU. xxv. (1890), p. 116. Tecinhologictd QuaHerfy^ lx. (1896), p, 116. 

^ F. V. Hayden’s Twelfth Report, U.K GtnH, mid froog. of the Temtarlee, 
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it never advanced into the plateau of the prairie country to the east. Whether or not 
the glaciers at the north end of the Rocky Mountains merged into and were turned aside 
by the southward-moving ice-sheet has still ^o be asceiiained. Even far to the west, the 
Sierra Nevada nourished an important group of glaciers.^ 

The loose deposits or drifts overlying the lower unstratitied boulder-clay belong to 
the period of the melting of the great ice-sheets, when large bodies of water, discharged 
across the land, levelled down the heaps of detritus that had formed below or in the 
under part of the ice. There may have been many advances and retreats of the ice- 
sheets, and the deposits of many successive intervals may be included in the detrital 
accumulations that have been left behind. Various attempts have been made to unravel 
the sequence of deposition, but it may be doubted whether any local order which may 
be ascertained will afford a satisfactory and generally applicable arrangement. The re- 
modelled drift has by some writers been classed as the “ Ohamplain groui).” ^ Low'er 
poriions are sometimes unstratified or very rudely stratified, while the upper parts are 
more or less perfectly stratified. Towards the eastern coasts, and along the valleys 
penetrating from the sea into the land, these stratified bods are of marine origin, and 
prove that during the “Champlain” period there was a depression of the eastern parfe, 
of Canada and the United States beneath the sea. The marine accumulations formed 
during this submergence are well developed in Eastern Canada, where they show the 
following subdivisions : — 

Post-glacial accumulations. 

Saxicava saud and gravel, often with transported boulders (Upper Boulder deposits, 

St. Maurice and Sorel Sands). Shallow-water boreal fauna, Siwiccira rugosa^ 
bones of whales, &c. 

Upper Leda clay (and probably “Sangeen clay” of inland) ; clay and sandy clay 
with numerous marine shells, which are the same as those now living in the 
northern part of Gulf of St. La%vrence; also in some districts fresh -water 
shells and plants.® 

Lower Leda clay, fine, often laminated, with a few large travelled boulders 
(probably equivalent to “Erie Clay” of inland; “Chaiupluiu Clay,” Lower 
Shell-sand of Beauport); contains Portandut arctiea^ TelHna {Macoma) halthim 
(grfy*rifrf 7 idirci) ; probably deposited in cold ice-laden water. 

BoiiMev-cl.iy or till ; in the Lower St. Lawrence region contains a few Arctic shells, 
but farther inland is uufossiliferous. 

Peaty beds, marking pre-glacial land-surfaces.'* 

The Leda- clays rise to a height of 600 feet above the sea. On the banks of the 
Ottawa, in Gloucester, they contain nodules which have been formed round organic 
bodies, particularly the fish Mallotiis viEostis or capeling of the Lower St. Lawrence, 
Sir J. W. Dawson also obtained numerous remains of teiTestrial marsh-plants, gi'assca, 
carices, mosses, and algm. This writer states that about 100 species of marine inver- 
tebrates have been obtained from the clays of the St. Lawrence valley. All except 
four or five species in the older part of the deposits are shells of tlie boreal or Arctic 
regions of the Atlantic ; and about half are found also in the glacial clays of Britain. 
The gi’eat majority ai’e now living in tho Gulf of St. Lawrence and on neighbouring 
coasts,.especially off Labrador.*”' 

1 J. Leconte, Ame7\ Joiim, (3) ix. (1875), p. 126. See A. G. Amet\ Natumliat^ 
1880, for a paper on the ancient glaciei*s of the Rocky Mountains. 

2 See J. D. Dana, Am&\ Joum. SoL x. (1875), p. 168 ; xxvi. (1883), xxvii. (1884) ; 
Winchell, ojp. cit xi. (1876), p. 225, 

® For a list of Canadian Pleistocene plants see Sir W. Dawson and D. P. Penhallow, 
Btdl. GeoL Soc, Amer. i. (1890), p. 311. ^ 

* J. W, Dawson, Supplement to ‘Acadian Geology,’ 1878 ; Cmadian E'aturaliMf vi. 
(1871) ; Geol. Mag, 1883, p. Ill ; Bidl, Uiog, Soc, Am&r, i. (1890), p. 311. 

® Dawson, ‘Acadian Geology,’ p. 76. 
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Ten-aces of mariue origin occur botli on tlie coast and far inland. On the coast of 
Maine they appear at heights of 150 to 200 feet, round Lake Champlain at least as 
high as 300 feet, and at Montreal nearly 600 feet above the present level of the sea.’ 
It would appear that the submergence of which these terraces are the records did not 
affect the extreme eastern part of the land along the coast from Nova Scotia to New 
York, but that it steadily increased towards the north till it reached perhaps as much 
as 800 feet north of Montreal.- In the absence of organic remains, however, it is not 
always possible to distinguish between terraces of marine origin marking former sea- 
margins, and those left by the retu-ement of i-ivers and lakes. In the Bay of Fundy 
evidence has been cited by Dawson to prove subsidence, for he observed there a 
submerged forest of pine and beech lying 25 feet below high-water mark.® 

Inland, the stratified parts of the “ Champlain group ” have been accumulated on the 
sides of rivers, and present in gi-eat xierfection the terrace character already (p. 607) 
described. The successive platfonns or terraces mark the diminution of the streams. 
They may be connected also with an intermittent uprise of the laud, and are thus 
analogous to sea terraces or raised beaches. Each uplift that increased the declivity of 
the rivei-s would augment their rate of flow, and consecpiently their scour, so that they 
would be unable to reach their old flood-plains. Such evidences of diminution are 
almost universal among the valleys in the drift-covered parts of North America, as in 
the similar regions of Europe. Sometime four or live platfoims, the highest being 
100 feet or more above the present level of the river, may be seen rising above each 
other, as in the well-known example of the Connecticut Valley. 

The ten-aces are not, however, con fined to river- valleys, hut may be traced round 
many lakes. Thus,, in tlie basin of Lake Huron, deposits of fine sand and clay contain- 
ing fresh-water shells rise to a height of 40 feet or more above the present level of the 
water, and run back from the shore sometimes for 20 miles. Regular terraces, con-espond- 
ing to former water-levels of the lake, nin for miles along the shores at heights of 120, 
150, and 200 feet. Shingle beaches and mounds or ridges, exactly like those now in 
course of formation along the exposed shores of Lake Huron, can bo recognised at heights 
of 60, 70, and 100 feet. Unfossiliferous termces occur abundantly on tho margin of 
Lake Superior. At one point mentioned by Logan, no fewor than seven of these ancient 
beaches occur at intervals up to a height of 331 feet above the present level of the lake.* 
The great abundance of terraces of fluviatile, lacustrine, and marine origin led, as already 
stated, to the use of the term “Terrace epoch” to designate tho time when these re- 
markable topogi-aphical featiu-es were produced.- The cause of the former higher levels 
of the water is a difflcult problem. In some coses it has doubtless arisen from dams 
formed by tongues of ice during tho retreat of tho ice-shcet, 

India. — There is abundant evidence that at a late geological period glaciers 
descended from the southern slopes of tho Himalaya Mountains to a height of less than 
3000 feet above tho present soa-lovel. Large moraines are found in many valleys of 
Sikkim and Eastei-n Nepal between 7000 and 8000 feet, and oven down to 5000 feet, 
above sca-level. In the Western Himalayas perched blocks are found at 8000 feet, and 
in tho Upper Puujaub very large erratics have been observed at still lower elevations. 
No traces of glaciation have been detected in Southern India. Besides the physical 

^ On terraces of Lake Ontario see Awer, Journ, (3) xxiv. p. 409. 

*•* The (leforniatioii of the laud during this submergence has l)eon traced by Do Goer in an 
interesting paper “On Pleistocene Changes of Level in Eastern North America,” Proc, 
Boston SoG, Nat Hist xxv. (1892), p* 454, with a map showing the distribution of tho 
isobases jr lines of equal deformation. 

® ‘Acadian Geology,* p. 28. 

* Logan, ‘ Geology of Canada,* ]}. 910. Consult also tho paper by G. K. Gilbert on 
“ Lake Shores ” cited on p. 524, and the various papers on the uplift of this region referred 
to on p. 387. 
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evidence of refrigeration, the present facies and distribution of the flora and fauna on 
the south side of the Himalaya chain suggest the influence of a fonner cold period.^ 

Australasia. — The present gkcieM of New i^ealand are confined to the mountains, 
though in the case of the Fox glacier they reach to within 650 feet of the sea-level. At 
a comparatively recent geological period, however, they had a much greater extension, 
for they descended into the idains, and, on the west side of the island, advanced below 
the present sea-level. Along that coast-line their moraines now reach the sea-margin ; 
huge erratics stand up among the waves, and the surf breaks far outside the shore-line, 
probably upon a seaward extension of the moraines. 

Captain Hutton has pointed out that there is no biological evidence of any 
general and serious refrigeration of the climate of the region since Tertiary time ; the 
Pliocene and Pleistocene deposits in their molluscan fauna could not have failed to 
chronicle it had any such sei-ious change of temperature taken place. He believes that 
the principal part of the sub-tropical flora and fauna of New Zealand was introduced 
before the Miocene period, and has flourished ever since, and that any serious diminution 
of the temperature of the islands would have exterminated all but the more cold-loving 
species of plants and animals. He maintains that the cause of the former greater 
extension of the glaciem is to be sought in the fact, of which there are other independent 
proofs, that the land then stood at a far higher level than it does at present, an additional 
3000 to 4000 feet being estimated to suffice for restoring the glaciers to their fonner 
maximum size. He likewise adduces grounds for believing that the glacier epoch (which 
he declines to regard as a glacial epoch) in New Zealand dates back to a much earlier 
time than the Ice Age of the northern hemisphere, probably to the Pliocene period. 

It has been ascertained by the evidence of moraines, ermtic blocks and striated rock- 
surfaces, that the Australian Alps once nourished a gi’oup of glaciers which, with their 
snow-fields, may have covered an area of 150 square miles. The ice at Mount Kosciusko 
crept down to within 5200 feet of the present sea-level, while in Victoria what appears 
to be moraine material descends to 2000 or possibly to 1000 feet above the sea. At the 
same time the western highlands of Tasmania between the contours of 2000 and 4000 
or 5000 feet were buried under snow and ice. In this region, as in New Zealand, the 
later Tertiary and post-Teitiaiy formations have furnished no sufficient proof of any re- 
frigeration of the sea.^ 

To the Upper Pliocene and Pleistocene periods are assigned the wide terraced 
gravel-banks and alluvial flats which occur in the main valleys of iustralia, and the 
great alluvial plains which in some of the colonies form such marked features. These 
deposits vaiy up to 800 feet in depth, and are a great storehouse of alluvial gold. 
They may possibly indicate that a greater I’ainfall was concerned in tlieir formation than 
now characterises the same regions. If the glaciers of New Zealand reached the 
sea, the mountains of Australia nourished snow-fields, and the gi-eat Antarctic ice-sheet 
crept farther north during some part of this cold period, the rainfall may have been so 
augmented that the rivers spread out far beyond the limits within which they are now 
confined. 

^ Medlicott and Blanford, ‘ Geology of India,’ p! 686. 

^ P. W. Hutton, Australasian Assoc, Adelaide, 1893, “Report of Committee on Glacial 
Action in Australasia,*’ See also his ‘ Geology of Otago,’ p. 83, and for a fuller statement 
of his views on this subject his address on the Origin of the Fauna and Flora of New 
Zealand, N, Zealand Joum, JSci. (1884) j and Proc. Linn, Soc, N,8, Wales, x, part 8. 

* T. W. Edgeworth David, Address to Sectim 0, AustreUasian Assoc, Brisbane, 1895 ; 
R. M. Johnston, “The Glacier Epoch of Australasia,” Proc, Roy, Soc, Tasmania, f893. 
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Section ii. Recent, Post-glacial, or Human Period. 

§ 1. General Characters. 

The long succession of Pleistocene ages shaded without al)i*upt change 
of any kind into what is termed the Human or Eecent Peiiod.^ The Ice 
Age, or Glacial Period, may indeed be said still to exist in Europe. The 
snow-fields and glaciers have disappeared from Britain, France, the 
Vosges, and the Harz, but they still linger among the Pyrenees, remain 
in larger mass among the Alps, and spread over wide areas in Northern 
Scandinavia. This dovetailing or overlapping of geological periods has 
been the rule from the beginning of time, the apparently abrupt 
transitions in the geological record being due to imperfections in the 
chronicle. 

The last of the long series of geological periods may be subdivided into 
subordinate sections as follows : — 

Historic, up to the present time. 

( Iron, Bronze, nnO. later Stone. 

Prehistoric 4 N col ithic. 

PttUeolithic. 

• The Human Period is above all distinguished by the presence and 
influence of man. It is difficult to determine how far back the limit of 
the period should be placed. The question has often boon asked whether 
man was coeval with the Ice Ago. To give an answer, wo must know 
within what limits the term Ice Age is used, and to what particular 
country or district the question refers. For it is evident that even to-day 
man is contemporary with the Ice Age in the Alpine valleys and in 
Finmark. There can be no doubt that he inhabited Europe after the 
greatest extension of the ice. He not improbably migrated with the 
animals that came from warmer climates into this continent during inter 
glacial conditions. But that he remained when the climate again bociimo 
•cold enough to freeze the rivers and permit an Arctic fauna to roam far 
south into Europe is proved by the abundance of his flint implements in 
the thick river-gravels, into which they no doubt often fell through holes 
in the ice as he was fishing. 

The proofs of the existence of man in former geological periods are 
not to be expected solely or mainly in the occurrence of his own bodily 
remains, as in the case of other animals. His l>ones are indeed now 
and then to be found,® but in the vast majority of cases his former 

# ^ See for general inforniatioii LyclPa * Antiquity of Man,’ Lubbock’s * PreluHtovio Times,’ 
Evans’s ‘ Ancient Stone Implements,’ Boyd Dawkins’s * Cave Hunting ’ wad * Early Man in 
Britain,’ J. Geikie’s * Preliistorio Europe.’ 

*•* Mr. V. T. Newton has collected the instances where actual human bones of Palaeolithic 
.age have been found. Presid. Address, P/oc. UcoU Amoc, xv. (X898), p. 246. Refer- 
ence may be mode here to a discovery in a volcanic tuff in the island of Java, regar<liug 
which much discussion has arisen. Numerous bones of Pleistocene animals hail previously 
been found in the deposit, but in 1891 the roof of a lai'ge skull was obtained which was claimed 
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presence is revealed by the implements he has l§ft behind him, formed 
of stone, metal, or bone. Many years ago the . archaeologists of 
Denmark, adopting the phraseology of the Latin poets, classified the 
early traces of man in three great divisions — the Stone Age, Bronze 
Age, and Iron Age. There can be no doubt that, on the whole, this 
has been the general order of succession in Europe, where men used 
stone and bone before they had discovered the use of metal, and learnt 
how to obtain bronze before they knew anything of the metallurgy 
of iron. Nevertheless, the use of stone long survived the intro- 
duction of bronze and iron. In fact, in European countries where 



Fig. 495.— Paleolithic Flint Imijleiiient. 


metal has been known for many centuries, there are districts where 
stone implements are still employed, or where they were in use until 
quite recently. It is obvious also that, as there are still barbarous tribes 
unacquainted with the fabrication of metal, the Stone Age is not yet 
extinct in some parts of the world. In this instance, we again see how 
geological periods run into each other. The material or shape of the 
implement cannot therefore be always a very satisfactory proof of 
antiquity. We must judge of it by the circumstances under which it was 
found. From the fact that in north-western Europe the ruder kinds #f 
stone weapons (Fig. 495) occur in what are certainly the older deposits,, 
while others of more highly finished workmanship (Figs. 498,^499) are 

by some as tlxat of^an individual intermediate between man and tlie apes, but by able anato&ists 
. is regarded as truly human, though of a low type. Dubois, ‘ Pitheoantbropos erectus, eino 
imenschenahnliohe Uebergangsform aus Java,’ Batavia, 1894 ; D. J. Cunningham, JSfatu-re 
li. (1896), p. 428 ; W. Turner, op. cit. p. 621. 
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found in later accumulations, the Stone Age has been subdivided into an 
early or Palaeolithic and a later or Neolithic epoch. There can be no 
doubt, however, that the latter was in great measure coeval with the age 
of bronze, and even, to some extent, with that of iron.^ 

The deposits which contain the history of the Human Period are river- 
alluvia, brick-earth, cavern-loam, calcareous tufa, loess, lake-bottoms, peat- 
mosses, sand-dunes, and other superficial accumulations. 

Palaeolithic. 2 — Under this term are included those deposits which 
have yielded rudely-worked flints of human workmanship associated 
with the remains of mammalia, some of which are extinct, while others 
no longer live where their remains have been obtained. An association 
of the same mammalian remains under similar conditions, but without 
traces of man, may be assigned to the siime geological period, and be 
included in the Palseolithic series. A satisfactory chronological classifi- 
cation of the deposits containing the first relics of man is perhaps un- 
attainable, for these deposits occur in detiichcd areas and offer no means 
of deij^rmining their physical sequence. To assort that a brick-earth is 
older than a cavern-breccia, because it contains some bones which the 
latter does not, or fails to show some which the latter does yield, is too 
often a conclusion drawn because it agrees with preconceptions. 

Eivcr-Alluvia. — Above the ]>rescnt levels of the livers, there lie 
platforms or terraces of alluvium, sometimes up to a height of 80 or 100 
feet. These deposits are fragments of the river-gravels and loams laid 
down when the streams flowed at these elevations. The sul)Soquoiit 

’ The student may profitably consult Sir Arthur Mitchoirn ‘PaKt in the Present,’ 18S0, 
for the waniings it contains as to the clanger of deciding upon the antiquity of an iinjdcment 
merely from its nideness. 

2 This term has been further subdivided into live minor sejitionH according to the degroe 
of “finish” in the instruments and their presumed chronological ordcM'. Thus (1) deposits 
containing the very rude type of worked Hints fouml at Chclles near Paris, and regarded as 
the oldest of the series, have been callcid CheJfrxm ; (2) those conlaining Hints with evidence 
of more labour bestowed on them, like the higher type found at St. A(5henl, liave been tenned 
AcJmlkub; (3) those witli iinplenienls like the scrapers of Moustier (Dordogne) have been 
named Movuteriaii ; (4) those where the Hints have hcen more deftly worked, like Ihe 
implements found at Solutre in Burg\indy, have been calh*d Sfthitdan ; while (5) those which 
contain well-finished implements associated with carvo<l bone and ivory, as at the caves of 
La Modelaiuo (Pcrigorcl), have been called MuitfUihuim (G. do Mortillot, Oompf. remK 
Co^igras Gtol. 1878 ; Rev, Aulv 1897, p. 18. K Piettc, V A nthvnpulitifie, vii.). 

The Magdalonian period or (Hj/pfh of Piette lias been furtlier divided by him into two 
groat epochs, the Ehimiean ar time of the mammoth, going hack into glacial times, when the 
men lived who carved the likeness of that animal on its tusks, and the Tamndlean or reindeer 
epoch, when the climate had ameliorated, but when reindeer still lived in the south of Prance 
and were hunted by a more advanced typo of mankind (Piette, * L’cpoquo Elmrnj'jenne,’ St, 
Queuten, 1894 ; L Anthwpohgw, vi. vii.). Another chwsiflcAition proposed by Mr. J. Allen' 
Brown is based solely on the character of the implements : (1) EolitUic, (2) Pahnolitldc, (3) 
Mesolithic^ (4) Neolithic, Jmirn. Anthrop, Jnaf, 1892. (fiassillcationH which do not rest on 
the evidence of superposition, but merely on the character of human workmanship, must bo 
received with great caution. This basis must often be deceptive an<l of no obronol6glcal 
value, though some weight may be attnobod to the i>resence of (liffereut mammals with tho. 
different types of instrument. 
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action of the running water has been to clear out much of the old alluvial 
material then accumulated, so as to leave the valleys widened and 
deepened to their present form {ante, p. 507). Eiver-action is at the best 
but slow. To erode the valleys to so great a depth beneath the level of 
the upper alluvia, must have demanded a period of many centuries. There 
can therefore be no doubt of the high antiquity of these deposits. They 
have yielded the remains of many mammals, some of them extinct {Elenkas 
antiquus, Hippopotamus awpJnhvna, Bhimcei'os ■eyrrli {MeaxMi), together 
■with fiint-fiakes made by man, and even sometimes the bones of man 
himself.’- From the nature and structure of some of the high-level 
gravels there can be little doubt that they were formed at a time when 
the rivers, then possibly larger than now, were liable to be frozen and to 
be obstructed by accumulations of ice. We are thus able to connect the 
deposits of the Human Period with some of the later phases of the Ice 
Age in the west of Europe. 

* Brick-Earths. — In some regions that have not been below the sea 
for a long period, a variable accumulation of loam has been formed^n the 
surface from the decomposition of the rocks in situ, aided by the drifting 
of fine particles by wind and the gentle washing action of rain and 
occasionally of streams. Some of these brick-earths or loams are of 
high antiquity, for they have been buried under fluviatile deposits 
which must have been laid dcwn when the rivers flowed far above their 
present levels. They have yielded traces of man associated with ])ones 
of extinct mammals. 

Cavern Deposits. — Most calcareous districts abound in under- 
ground tunnels and caverns, as well as in fissures opening on the surface 
of the ground, which have been dissolved by the passage of water from 
above (p. 477). Where a gaping chasm has communicated -with the 
surface, land animals during successive genemtions for hundreds of years 
have fallen into them, until the fissure has been filled up with carcases, 
and detritus washed in from above.^ Where, on the other hand, caves 
have ofiered places of retreat, they have been used as dens by animals 
and as dwellings by man himself. The floors of such caverns are not 
infrequently covered with a reddish or brownish loam or cave- earth, 
resulting either from the insoluble residue of the rock left behind by 
the water that fomed the caverns by solution, or from the deposit of silt 
carried by the water, which in some cases has certainly flowed through 
these passages. Very commonly a deposit of stalagmite has formed from 
the drip of the roof above the cave-earth. Hence any organic remains 
which may have found their way to these floors have been sealed up and 
admirably preserved. 

Calcareous Tufas. — The deposits of calcareous springs have some- 
times preserved remains of the flora and fauna contemporaneous with the 
early human inhabitants of a country. In Europe, among the more 
celebrated of these deposits are those of Cannstadt in Wiirtembufg, which 

^ B. T; Newton, ‘ On a Human Skull and Limb-bones in Palmolitbic Gravel, Gulley Hill, 
Eeny Q, J, G. 3. li. (1896), p. 606. 

® For examples see pp. 1091, 1237, 1266, 1368. 
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have yielded specimens of twenty-nine species of plants, consisting of 
oaks, poplars, maples, walnuts, and other trees still living in the sun'ound- 
iiig country, but with the I’emains of the extinct mammoth ; and of La 
Celle, near Moi'et, in the valley of the Seine. 

Loess. — The physical characters and probable feolian origin of this 
remarkable deposit having been already mentioned (p. 439), we may now 
consider it in reference to its jdace in geological history. In Central 
Europe it covers a wide area. Beginning on the French coast at San- 
gatte, it sweeps eiistward across the north of Fi*ance and Belgium (Hes- 
bayan loam), filling up the lower depressions of the Ardennes, passing 
far up the valleys of the Ithine and its tributaries, the Necker, Main, and 
Lahr; likewise those of the Pllbe above Meissen, the Weser, Mulde, and 
Saale, the Upper Oder and the Vistula. Spreading across Upper Silesia, 
it sweeps eastward over the plains of Poland and Southern Bussia, whore 
it forms the substratum of the Tachernozom or black-earth. It extends 
into Bohemia, Moravia, Hungary, Gallicia, Transylvania, and llpumania, 
Sweeping far up into the Carpathians, where it reaches heights of 2000 
and, it is said, even 4000 or 5000 feet above the sea. It has not been 
observed on the low Germanic plains south of the Biiltic, nor south of 
Central France and the Alpine chain. Though thiclvcst in the valleys 
(100 feet or more), it is not contined to them, but spreads over the 
plateaux and iises far up the flanks of the uplands. Near its edge, 
where it abuts against higher ground, it contiiins layers or patches of 
angular debris, but elsewhere it preserves a remarkable unifonnity of 
texture. 

In the United Suites the loess 2 )resonts some differences from its 
Eluropean development. It is widely distributed in the great l)asin of 
the Mississippi, where it more o.sp(M‘ially keeps to the valleys, being 
thickest, coarsest, and most typical in the bluffs bordering the rivers and 
shading away from these places into finer material, a feature which 
suggests that in some way the deposit ^vas connected with the operations 
of the great streams. On the other hand, it lias a vertical range of not 
far short of 1000 feet, even within 20 miles may rise to 500 or 700 feet, 
and crosses the water-sheds, featui*os for the explanation of which we 
can hardly suppose the groat rivers to have been so flooded as to unite 
their waters over the dividing ridge ami foitn a flood many hundred foot 
deep. There appears to be a close relation between the distribution of 
the loess and the edge of the former ice -sheet, suggesting that the 
deposit was connected with the ice. Again, it has lieon ascertained that 
thei'o have been more than one interval during which loess has hecri 
formed, for it has been found in Wisconsin anti elsewhere, sometimes 
with a thick soil on its upper surface, buried under till. It would thus 
appear that the causes which produced this singular deposit can be traced 
back into the Glacial period.^ 

Tlfb European loess is sometimes found resting on gj*avols containing 
remains of the mammoth. It may bo observed to shade ott‘ into more 

^ lu North America, as in Europe the loe«« has given rise to much (Uscussion. See 
the papei-s cited on pp. 440, 1361. 
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recent alluvial accumulations. On this continent also, it is probably not 
all of one age, but has been deposited at many different heights during 
a prolonged period, beginning during a dry, cold interval of the Ice 
Age, and continuing until long after man had come upon the scene. 
Though on the whole not rich in fossils, the loess has yielded a peculiar 
fauna, which singularly confirms Richthofen’s view that the deposit was a 
subaerial one. In the first place, the shells found in it are almost with- 
out exception of terrestrial species. Out of 211,968 specimens from the 
loess of the Rhine, Braun found only one brackish and three fresh-water 
forms, Limnm and Plano7'bis, of which there were only 32 specimens in 
all. Of the rest, there were 98,502 examples of two species of Succima, 
an amphibious genus, and 113,434 specimens belonging to 35 species 
of jSeZiT, Pupa, ClausUia, Bulimus, lAmax, and VitHna — ^unquestionable 
terrestrid forms.^^ It is worthy of note that Helices and Succineas 
abound at present in the steppe-regions of Central Asia, and that many 
of the species of loess mollusks are now living in East Russia, south- 
west Siberia, and on the prairies of the Little Missouri in North Amwca.^ 
The abundant mollusks in the loess of Iowa and Nebraska are all land 
and fresh-water shells belonging to species still living in the region.*"* 

From various parts of the European loess. Dr. Nehring has described 
a remarkable assemblage of animals, which included a jerboa {Jludtuja 
jacultts), marmots {SpennopMlus, several species), Ardomys bohac, tailless 
hare (Lag&mys piHllus), numerous species of Armoln, (Jriceius friimmtarius, 
0. plumis, porcupine (Eystrix hirsvtirostm), wild horses, and antelopes 
{Antilope saiga). This fauna, excepting some extinct or extii*pated 
species, is identical with that which now lives in the south-east 
European and south-west Siberian steppes.*^ Besides these distinctively 
steppe animals the loess contains numerous remains of the mammoth 
and woolly rhinoceros, likewise bones of the musk-sheep, hare, wolf, 
stoat, &c. It has also yielded flint implements of Palseolithic types. 
The bones of man himself were claimed many years ago by Ami Bou6 
to have been found in the loess, and his opinion has been in some 
measure strengthened by more recent observations. 

As already stated (p. 440), the problem of the loess has given nse to 
much discussion. It has been regarded by some writers as the deposit 
of a vast series of lakes ; by others as the mud left by swollen rivers dis- 
charged from melting ice-fields ; ® by others as a sediment washed over 

^ Zeitsch. filT die gesamniL R^atur tries, xl. p. 4.5, as quotoil Ly H. H. Howortli, (fail, 
Maff. 1882, p. 14. 

A. Nehring, <-feoL Mag. 1883, p. 57 ; JYeiies Jnittb. 1889, p. 66; ‘ Ueher Tumlrcn 
und Steppen,’ Berlin, 1890. 

** B. Shimet, Rep. lam Acad. tSci. 1897. 

* Nehring, Geol. Mag. 1883, p. 51, where a reference to this author^s immeroTis memoirs 
on the subject will be found. See also J. N. Woldrich on the Steppe fauna, Metres JaJirb. 
1897, ii. p. 159, and Nehring in same vol. p. 220. 

^ This view has been well expressed by Messrs. Chamberlin and Salisbury {6th Arm. 
Rep. (/.& G. S. 1885, and papers in Jaum. Geol. since 1892), and by Mr. M‘Geo (11/A Ann. 
Rep, U.S. O. S. 1891). See also the writings of Prof. Calvin and his associates in the Rep. 
Geol. Sv/rv. loiea, and of Prof. Winchell and Mr, XJphani in the Rep. Geol Smarts. Minnesota. 
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the surface of the land by an abundant rainfall. The remarkably 
unstratified character of the loess as a whole, its uniformity in fineness 
of grain, the general absence of coarse fragments, except along its 
margin, where they might be expected, its singular independence of the 
underlying contour of the ground, and the almost total absence in it of 
fluviatile or lacustrine shells, seem to indicate that it cannot, as a whole, 
have been laid down by rivers or lakes, though it may, to a greater or 
less extent, have been derived from the desiccation and feolian transport 
of the fine sediment spread out on the flood-plains of glacial rivers# Its 
internal composition, the thoroughly oxidised condition of its ferruginous 
constituents, its distribution, and 
the striking character of its en- 
closed organic remains, point to 
its having been chiefly accumu- 
lated in the open air, probably 
in circumstances similar to those 
which* now prevail in the diy 
steppe regions of the globe. It 
appears to mark one or more 
arid intervals after the height 
of the Glacial Period had passed 
,away, when, whilst the climate 
still remained cold and the 
Arctic fauna had not entirely 
retreated to the north, a series 
of grassy and dusty steppes 
swept across the heart of Europe, 

Asia, and North America.^ 

PaljBolithic Fauna. — The 
mammalian remains found in 
Palaeolithic deposits _ aro re- 

markable for a mixture of fomul ut IJlluDy Moor, BuHt Dewham, Norfolk, 
forms from warmer and colder 

latitudes similar to that already noted among the interglacial beds. 
It has been inferred, indeed, that the Paleolithic gravels are them- 
selves referable to interglacial conditions. On the one hand, we 
meet with a number of species of warmer habitat, as the lion, hysena, 
hippopotamus, lynx, leopard, and cafter cat; and, in the loess, the 
^ Thtt views propounded by Riclitliofen for tlio loeHH of China and applied by Nolmng 
to that of Europe have been widely adopted by ifeologists (see, for example, C. Ileiil, Oeol. 
Jl%. 1884, p. 165; Q, I. (L S. .xliii. 1887, p. 364; xlviii. 1S‘)2, p. 344; NaUml 
Sdence, iii. 1893, p. 367. A. Smith Woodwanl, Proc, SSouL Hoc. 1890, p. 613. T. F, 
Jamieson, <hol, Mag, 1890, p. 70). But, as stated above, they have not been universally 
received, some geologists contending that water in different wjiys has been concerned in the 
formatio^^ofthe loess. See J. Goikie, ‘Prehistoric Europe,' p. 244 ; Rqh Brit. Aasoo. 1889, 
Address to Geol. Sect. WahnschalTe, ZeiUcJi. JJeutsclu fM. xxxviil. (1886), p. 533. 
F. Sacco, Bull. Soc. (Uol. xvi. (1887), p. 229 ; the papers of Chamberlin, Salisbury, 

aud M‘Goe above cited, and others by W. Upliam {A mar. Cedi. xxxi. p. 25) and other 
writers in the United States. 
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assemblage of forms above referred to as that which still characterises 
the warm dry steppes of south-eastern Europe and southern Siberia. 



But, on the other hand, a large number of the forms are northern, such 
as the glutton {Gulo luscus), Arctic fox {Canis lagoptbs), reindeer {Kangifei* 
tarandus), Alpine hare (Lepiis miabilis), Norwegian lemming {My<ke$ 
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torquatus), Arctic lemming (J/. lemmu.% M. ohensis\ rnannot {Arctomys 
imTmotta\ Russian vole {Mkrotus ratficq?s), musk-sheep (Ovihos mosclicitupt), 
snowy-owl {Stryx nyctea). There is likewise a proportion of now wholly 
extinct animals, which include the Irish elk (Cermis giganteus or Megaceros 
hibernicas\ Elephas in'hiihp'uvf.^ (mammoth), E, anfiquvs, Rhinoceros mega- 
Q'hmus, R. antiquitatis (tkhorhinus) (woolly rhinoceros), R. leptorliinus, and 
cave-bear ( 'Urm>s spels&ns). 

The Palieolithic fauna has .been divided into three sections, each 
supposed to correspond with a distinct period of time : 1st, the Age of 
Ekphas antiqvm^ with which species are associated Rhinoceros megarhimis 
{Merckii) and Hippopotonm amphihms {mujor). 2nd, The Age of the 
mammoth, with the woolly rhinoceros, cave-bear, and cavc-hytena. 3rd, 
The Age of the reindeer, when that animal passed in great numbers across 
Central Europe. But, as already stated, such su])divisions are admittedly 
artificial, and should only be used as provisional aids in the comparison of 
deposits which cannot be tested by the law of su])erposition. 

Jhat man was contemporary with these various extinct animals is 
proved by the frequent occurrence of undoubtedly human implements, 
formed of roughly chipped Hints, c'cc., associated with their bones. 
Much more rarely, portions of human skeletons have l)een recovered* 
from the same deposits. The men of the time appear to have camped 
in rock shelters and caves, and to have lived by fishing and by hunting 
the reindeer, bison, horse, mammoth, rhinoceros, cave-bear, and other 
animals. That they were not without some kind of culture is shown 
by the vigorous incised sketches and carvings which they have left 
behind on reindeer antlers, mammoth tusks (Pig. 497), and other bones 
depicting the animals with which they wore daily familiar. Some of 
these drawings are especially valuable, as they represent forms of life 
long ago extinct, such as the mammoth and cave-bear. Again, from the 
walls of a cave at Font-de-Gaume, near Eyzios in Dordogne, MM. 
Oapitan and Breuil have brought to notice no fewer than eighty frescoes 
.with incised outlines, and painted in tints of red and l)rown. Forty- 
nine of these represent bisons, which fire drawn with gi'oat vigour. 
Among the paintings are those of two reindeer,^ The men who in 
Palceolithic time inhabited the caves of Europe must have had much 
similarity, if not actual kinship, to the modern Eskimos. 

Neolithic. — The dej)osits whence the history of Neolithic man is 
compiled must vary widely iu age. Some of them were no doubt 
contemporaneous with parts of the Pala3olithic series, others with 
the Bronze and Iron sories.‘^ They consist of cavern deposits, alluvial 
accumulations, poat-mossos, lake-bottoms, pile-dwellings, and shell-mounds. 

^ GoiupL rcMl, cxxxiv. (1902), p. 1536, where four of the frescoes are reproduced. 

^ It has generally been assuiued that there is a hiatus between the recumls of the 
PalflBoljJihic and those of the Neolithie ages, though some writers (as Mr. J. Allen Brown, Joum. 
Anthrop, hint it, 1892) have contended for their contiuiiity. There is cerUiiiily no 
convincing evidence of any serious iuternxption. M. Plette luw found at Mas d’Azil ( Ariege) 
what he regards as evidence that bridges over this supposod gap. At that locality a bed of 
cinders containing Magdalenian types of iinplcnient is overlain by a layer full of riubllcd 
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The list of mammals, &c., inhabiting Europe during Neolithic is 
distinguished from that of Paleolithic time by the absence of the 
mammoth, woolly rhinoceros, and other extinct types, which appeal* 
to have meanwhile died out in Europe, “fhe only form now extinct 
which appears to have sur\dved into Neolithic time was the Irish elk, 
which may have continued to live until a comparatively late date.^ The 
general assemblage of animals was probably much what it has been 
during the period of history, but with a few forms which have dis- 
appeared from most of Europe either within or shortly before the 
historic period, such as the reindeer, elk, urus, grizzly bear, brown bear, 
wolf, wild boar, and beaver. But besides these wild animals there are 
remains of domesticated forms introduced by the race which supplanted 



Fig, 408.— Neolithic Stone Imploniout. 


the Palseolithic tribes. These are the dog, horse, sheep, goat, shorthorn, 
and hog. It is noteworthy that these domestic forms were not parts of 
the indigenous fauna of Europe. They appear at once in the Neolithic 
deposits, leading to the inference that they were introduced by the 
human tribes which now migrated, probably from Central Asia, into 
the European continent. These tribes were likewise acquainted with 
agriculture, for several kinds of grain, as well as seeds of fruits, have 
been found in their lake-dwellings ; and the deduction has been drawn 
from these remains that the plants must have been brought from 

pebbles (like those of some kitchen middens) without any trace of the reindeer, which ie 
supposed to have become extinct in the region, but with remains of red deer, wild boar, ox, 
and beaver, jaws and vertebrre of fishes, and numerous harpoons with which the eivdy men 
fished in the neighbouring river Arise. A considerable number of traces of fruits and seeds 
have likewise beeu obtained, iuoluding the oak, hawthorn, black thorn, filbert, chestnut, 
cherry, plum, walnut, and wheat. JBidL Soc, AiUkrop. 1895,‘AMw^;irr^w%/>, vii. 

^ Oeol Maff. 1881, p. 354 ; Nature^ xxvi. p. 246. 
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Southern Europe or Asia. The arts of spinning, weaving, and pottery- 
making were also known to these people. Human skeletons and hones 
belonging to this age have, been met with abundantly in barrows and 
peat-mosses, and indicate that Neolithic man was of small stature, with a 
long or oval skull. 

The history of the Bronze and Iron Ages in Europe is told in great 
fulness, but belongs more fittingly to the domain of the archjeologist, 
who claims as his proper field of research the history of man upon the 
globe. The remains from which the record of these ages is compiled are 
objects of human manufacture, gi-aves, cairns, sculptured stones, &c., 
and their relative dates have in most cases to be decided, not upon 



NoolitUic Tnipl(‘meniH. 

a, Stone axt*-liead (i) ; /•, Mint arrow-lioad (natural Hize); <*, RouKhly-oliipped Mint celt (1); (tr 

Polished celt (J), with part of it.H OTit;inal woodoii hand HtUl uttadn«l, found in a ijoat-bog, Ouinlwr- 
laud ; c, Bone-iiuedlo (natural eizn), Swiss l^ake Dwellin^^ ; u, h, o, rudueod frinn Sir J. Bvans'a 
“ Ancient Stone Imploments." 


geological, but upon archaeological grounds. When the sequence of 
human relics can be shown by the order in which they have been 
successively entombed, the inquiry is strictly geologicid, and the 
reasoning is as logical and trustworthy as in the case of any other 
kind of fossils. Where, on the other hand, as so often happens, the 
question of antiquity has to bo decided solely by relative finish and 
artistic character of workmanship, it must be left to the experienced 
antiquary. 

• § 2. Local Development. 

A few examples of the nature of the deposits of tho rahoolithic aiul Neolithic series 
in different parts of the world will suffice to show tho general character of tho ovidonce 
which they supply. 
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Britain. — Palteolithic deposits arc absent from the north of England and from 
Scotland. They occur in the south of England, and notably in the valley of the 
Thames. In that district, a series of brick-earths with intercalated bands of river- 
gravel, having a united thickness of more than 25 feet, is overlain with a remarkable 
bed of clay, loam, and gravel (“tmil”), three feet or more in thickness, which in its 
con.toi*ted bedding and large angular blocks probably beam witness to its having been 
accumulated during a time of floating ice. The sti-ata below this presumably glacial 
deposit have yielded a remarkable number of mammalian bones, among which have 
been found undoubted human implements of chipped flint. The species include 
Bhiivoceros leptorhinus, K antiquitatis {tiehorhimui), B, 'incgarhimis, Eleplias antiqims, 
E. primigenitis, Oervits giganteus (Megaceros Mbmiicits), 0. elaphus, Capreolus caprca, 
Ba'n^ifer taraiidus. Bos tauriis var. loiigifrons. Bos primigenim^ Bisoiii prisms, Felis Ico, 
Eyssna croctUa, Canis Mpibs, Ursus spelmis, U, arctos, Ovibos moscluitiis, Bippopotamus 
miphibius {majoi'), and present another example of the mingling of northern with 
southern, and of extinct with still living foimas, as well as of species which have long 
disappeared from Britain with others still indigenous. Other ancient alluvia, far above 
the present levels of the rivera, have likewise furnished similar evidence that man con- 
tinued to be the contemporary in England of the north eni rhinoceros and mammoth, 
the reindeer, griz 2 ly bear, brown bear, Irish elk, hippopotamus, lion," and hyajna.^ 

As an illustration of the relation of the implement-bearing brick-earth loams and 
gravels to the glacial deposits, and those containing remains of an Arctic flora the 
following section, obtained by Mr. C. Reid at Hoxne, Suffolk, where for more than a 
•century numerous paleolithic implements have been dug up, aflbrds interesting 
evidence as to the oscillations of climate at the close of the Glacial, or beginning of the 
Recent Period.^ 

Bluish-green loam or brick-earth and laminated loams (11 feet). This deposit has 
furnished the flint implements, together with bones of Squus^ Oen’iits, Bos, Eiepkas, 
and numerous species of fresh -water shells which are still living in the 
neighbourhood. The climate indicated may have been much like that of the 
present time. 

Pine gravel (2 or 3 feet), yielding worked flints and implements. 

Black earth (13 feet), consisting of carbonaceous loam, sand, and vegetable matter, 
with no implements or remains of the large mammals, but with fish-bones, 
scattered fresh-water shells, and abundant leaves belonging to three species of 
dwarf Arctic willow, more rarely to the dwarf Arctic birch, indicating on the 
whole an Arctic or high Alpine flora. 

Lignite (1 to 3 feet), made up of plants of temperate character, including 37 species 
of flowering plants still living in the district. 

Lacustrine clay (about 20 feet), containing remains of fresh-water fishes and shells, 
with leaves and various fragments of marsh-loving and other plants of temperate 
type. 

The caverns in the Devonian, Carboniferous, and Magnesian limestones of England 
have yielded abundant relics of the same prehistoric fauna, with associated traces of 
Paleolithic man. In some of these places, the lowest deposit on the floor contaiiiH rude 
flint implements of the same type as those found in the oldest river-gravels, w'hile 
•othei’s of a more finished kind occur in overlying deposits, whence tlie inference has 
been drawn that the caverns were first tenanted by a savago race of extreme rudeness, 
And aftenvards by men who had made some advance in the arts of life. The association 
•of bones shows that when man had for a time retired, some of these oaves became hymn a 
dens. Hytena bones in great numbers have been found in them (remains of no fewer 
than 300 individuals were taken out of the Kirkdale cave), together with abundant 
gnawed bones of the animals on which the hytenas preyed, and quantities of '^ytena- 
•excrement. Holes in the limestone opening to the surface (sinks, swallow-holes) have 
likewise become receptacles for the remains of many generations of animals which fell 

^ Brit. Assoc, 1896, p. 400. See also Proc, Boy, Boc, Ixi. (1897), p. 40. 



SECT, ii § 2 


REGENT OR POET-^GLAGIAL SERIES 


1359 


into them by accident, or crawled into them to die. In a fissure of the limestone near 
Castleton, Derbyshire, from a space measuring only 25 by 18 feet, no fewer than 6800 
bones, teeth, or fragments of bone were obtained, chiefly bison and reindeer, with bears, 
wolves, foxes and hares.^ The length of time during which some of the fissures in a lime- 
stone district may remain open as a trap for the entombment of the land animals of the 
country is well illustrated by the instance at Ightham, Kent, where among abundant 
remains of the living fauna of the neighbourhood there are found also those of a number 
which have long been absent from Jiritain, such as the wolf, boar, and hya?na, together 
with northern types like the Arctic fox and reindeer, and the long extinct mammoth.® 

France. — It was in the valley of the Somme, near Abbeville, that Boucher do Perthes 
made the first observations which led the way to the recognition of the high antiquity of 
man upon the earth. That valley has boon eroded out of the Chalk, which rises to a 
height of from 200 to 300 feet above the modern river. Along its sides, far above the 
present alluvial plain, are ancient terraces of gravel and loam, formed at a time when 
the river flowed at higher levels. The lower terrace of gravel, with a covering of 
flood-loam, ranges from 20 to 40 feet in thickness, while the higher bed is about 30 
feet. Since their formation, the Somme has eroded its channel down to its presemt 
bottom, and may have also diminished in volume, while the terraces have, during the 
interval, here and there auifered from denudation. Flint implements have been 
obtained from both terraces, and in groat numbers, associated with bones of mammoth, 
rhinoceros, and other extinct mammals (p. 1386). More recently a remarkable associa- 
tion of worked flints, with the remains of ElephU'S mtridionaliSf E, antiquits, and E» 
^rimigctiius, have been found in a ballast-pit in gravelly drift at Tilloux, near Gensac- 
la-Pallue, Charente.® 

, The caverns of the Dordogne and other regions of the south of Fmnce have yielded 
abundant and varied evidence of the coexistence of man with the reindeer and other 
animals either wholly extinct or no longer indigenous. So numerous in ])aiticular are 
the reindeer remains, and so intimate the association of traces of man with them, that 
the term “ Keindeer period ” has been ]>ropos(*d for the section of prehistoric time to 
which these interesting relics belong. The art di.sj>layod in the implements found in 
the caverns a])pears to indicate a considerable advance on that of the chijtped flints of the 
Somme. Some of the pictures of reindeer and mammoths, incised ou bones of those 
animals, and the frescoes already mentioned, are singidarly spirited (Fig. 497). 

Germany. — From various cavern.s, particularly in the dolomite of Franconia 
(Muggendorf, Gailenrouth) and in tlie Devonian limestone of Westphalia and Khino- 
land, remains of extinct mammals have been obtained, sometimes in groat numbers, 
including cave-bear (of which the mmains of 800 individuals have been taken out of the 
Gailenreuth cave), hymna, lion, rhinoceros, and othei-s. From the (savorn of Hohlefols 
in Swabia remains of elephants, rhinoceroses, reindeer, a«telopft.s, horses, cave-bears, and 
other animals have been found, together with interesting proofs of the contemporaneity 
of man, in the form of rude flint implements, axes of hone, or teeth and bones whicli ho 
had bored through, or split open for their marrow. At Sch\issouricd in the Swabian 
Saulgau, not far from the Lake of Oousttuice, beneath a deposit of calcareous tufa 
enclosing land-shells, there is a ))eaty bod containing Arctic and Alpine mosses, together 

1 Boyd Dawkins, ‘Early Man in Britain,” p, 188. The reindeer has not been found 
in such abuudanco in the English caverns as in those of Southern France ; but its bones 
have been met with in some number in the old alluviiuu of the Thames valley. /. S* 
1. (1890), p.' 461. 

a W. J. Le^is Abbott and B. T. New-ton, Q, J, U. S. 1. (1894), pp. 171-210 and Iv. 
(1899), pT 419. 

a M. Boule, E Anth/ropologie^ vi. (1895), p. 497, A voluminous memoir by M. llutot, on 
the age of deposits with worked flints, in the province of Hainaut, Belgium, will be found 
in livZ. Soc, Anthropologie, Brussels, xvii. (1899). 
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with abundant remains of reindeer, also bones of the glutton, Arctic fox, brown fox, 
polar bear, horse, &c. While this truly Arctic assemblage of animals lived near the 
foot of the Alps, man also was their contemporary, as is shown by the presence, in the 
same deposit, of his flint implements, stones that have been blackened by fire, bones of 
the reindeer and horse that have been broken open for their marrow, needles of wood 
and bone, and balls of red pigment probably used for painting his body.^ 

Switzerland. — ^The lakes of Switzerland, as well as those of most other countries in 
Europe, have yielded in considerable nnmbem the relics of Neolithic man. Dwellings 
constructed of piles (“craimoges ” of Ireland) were built in the water out of arrow-shot 
from the shore. Partly frpm destruction by fire, partly from successive reconstructions, 
the bottom of the water at these places is strewn with a thick accumulation of d4bris, 
from which vast numbers of relics of the old population have been recovered, revealing 
much of their mode of life.*-^ Some of these settlements probably date far back beyond 
the beginning of the historic period. Others belong to the Bronze, and to the Iron Age. 
The same site would no doubt be used for many generations, so that successive layers of 
relics of progressively later age would be deposited on the lake-bottom. It is believed 
that in some oases the lacustrine dwellings were still used in the first century of our era. 

Denmark. — The shell-mounds {Kjokkefii-modilhigei*), from 8 to 10 feet high, and some- 
times 1000 feet long, heaped up on various parts of the Danish coast-line, mark settle- 
ments of the Neolithic age. They are made up of refuse, chiefly shells of mussels, 
cockles, oysters, and' periwinkles, mingled with bones of tlie herring, cod, eel, flounder, 
gi*eat auk, wild duck, goose, wild swan, capercailzie, stag, roe, wild boar, urus, lynx, 
wolf, wild cat, bear, seal, porpoise, dog, &c., with human tools of stone, bone, hoin, or 
wood, fragments of rude pottery, chai'coal, and cinders.** 

The Danish peat-mosses have likemse furnished relics of the early human races in 
that region. They are from 20 to 30 feet thick, the lower portion containing remains 
of Scotch fir {Fimis syhcsiris) and Neolithic implements. This tree has never been 
indigenous in the country within the historic period.’* A higher layer of the poat 
contains remains of the common oak with bronze implements, while at the top come 
the beech-tree and weapons of iron.*'’ 

Finland. — In Finland a study of the peat-mosses, which cover about a fifth part 
of the surface of the counti*y, has furnished a corresponding record of the changes of 

^ 0. Fraas, Archie fur Anthropoloyicj Brunswick, 1867. 

^ Keller’s ‘ Lake Dwellings of Switzerland.’ 

** J. J. Steenstrup, ‘Kjcikken Mdddinger,’ Copenhagen, 1886. Similar mounds of fish- 
oflal and whelk and other shells, mingled with broken pottery and other refuse, may be seen 
in course of accumulation at many Ashing villages on the east coast of Scotland, where also 
prehistoric kitchen-middens have been found, 

■* An intei*esting discussion of the subject of the migi’ation of the spruce-fir into Scandin- 
avia by G-. Anderssou and E. Sernander will be found in the 14th vol. of (JcoL FUrm* Stock- 
holm (1892), and in Bugler’s Butan, Jahrb. xv. (1892). The history of the Scandinavian 
flora, and its bearing on changes of climate, have engaged much attention among the geologists 
of Sweden, Norway, and Finland, e.(/. Nathorst, (real, FUren. Stockholm, vii. G. Anderssou, 
xiv. pp. 509-688 (an important resume of the subject) ; “Studier dfver Finlands Torfmossar,” 
Bull, Com, Fi'nlande, No. 8, 1898 (a detailed account of plants found in the Finnish 
peat -bogs, and a partial discussion of the geological history indicated by them), H. 
Hedstrom, (reol, FUrm, Stockholm, xv. (1893), p. 291 (on tha former and present distribution 
of the hazel). R, Seniander, p. 345 (on the climate and vegetation of the Xt’Woriwa-period). 
J. Helmboe, xxii. (1900), p. 56 (a detailed account of sections of two ^leat-bogs in the 
Christiania district, with an enumeration of the plants in the several layers). G. Cagerheim, 
xxiii. (1901), p. 469 (a discussion of the rhizopods, &c., in Swedish and Finnish lacustrine 
deposits, including peat). J. J. Sederholm, Bull. Com, OSol. FinUtndc, No. 10, p. 28. 

® See Steenstrup’s “Kjokken Mciddinger” ; Nathorst, Nature, 1889, p. 463. 
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climate as registered by the remains of the vegetation. At the bottom of the peat the 
Arctic willow, dwarf birch, and other plants betoken the continuance of a severe climate. 
Higher up come the relics of pine-trees. These in the southeni districts were followed 
during the Littorina-i)oriod by the oak, joined soon after by the spruce. That period, 
if we may judge from the evidence of the peat-mosses, was rather warmer than the 
present, inasmuch as plants are found in these deposits 'which now live in more genial 
countries. In Norway a record of some of these changes in the flora has been preserved 
in deposits of calc-sinter.^ 

North America. — Prehistoric deposits are essentially the same on both sides of the 
Atlantic. In North America, as in Europe, no very delinitc linos can bo drawn within 
which they should be coniined. They cannot be sharply separated from the Champlain 
series on the one hand, nor from modern accumulations on the (jtlnn-. Besides the 
marshes, peat-bogs, and other organic deposits which belong to an early period in the 
human occupation of America, some of the younger alluvia of the river- valleys and 
lakes can no doubt claim a high antiquity, though they liavo not supplied the same 
copious evidence of early man which gives so much interest to the coixesponding 
European fomations. From the pent-bogs of the eastern States, and from the older 
alluvium of tho Missouri Kivor, the remains of the gigantic mastodon have been obtained. 
There have likewise been found bones of reindeer, elk, bison, bc'aver, horse (six species), 
lion, aJfe bear ; while southwards those of extinct sloths {Nylodoii, Mcr/alherium) make 
their appearance. In California, from tlio deep auriferous gravels remains of mastodon 
and other extinct animals have been met with, also human bones, stone spoar-beads, 
mortars, and other implements. Professor Whitney described the famous Calaveras skull 
as occurring at a depth of 120 feet in undisturbed gravel which is covered with a shoot 
of basalt. If genuine, tho sp(‘cimeu, with the human works of art said to ooeur in the 
same deposits, would indicate tho existence of man, perhaps as advanced in some 
respects as the modern Indian tribes of tho same region, in Pliocene or Miocene time. 
Tho validity of these remains, however, has boon strongly contested, and on tho whole tho 
balance of evidence scorns to be against tlicm. Human skeletons and stone implonioiits 
have boon exhumed from the loess and other quaternary deposits in a number of places 
in the United States, and the inference has been drawn fi*om them by some observeus 
that man existed in North America during the later stages of the Ice Age. Other 
writers, however, have disputed this coiiclusiou, contending that the supposed inclusion 
of tho remains in tho loess is doooptive, that they really belong to a much later time, 
and that in other cases the implements, thought to hav(i been evidence of early man, 
were the work of modem Indians.^ 

^ Axel Blytt, Mnghra, UoU(n>, JoIiHk xvi. (1892), ii. iJeiblatt, No. 36. 

J. D. Whitney, M&n, Mm, Compar, ZmU llarntnl,, vi. (1880). Tlie evidence adduced 
in support of the great antieputy of man in America, and bis contemporaneity with the 
Mastodon and other extinct aiiiuialH, is HunimariHed by the Marquis de Nadaillac in his 
‘L’Amerique Preliistoriquo * (translated hyN. d’ An vers, 1885). The controversy over tho 
Calaveras skull is suiumed up by W. II. Holmes, Smitlmmimi for 1899, pp. 419- 

472, with 16 plates. More recent and perhaps less doiibtfiil proof of paleolithic man has 
been cited from the gravels of the Delaw'-are lliver at IVeuton, of tho Miami lUvor in 
Sonthem Ohio, and of the Mississippi at Little Falls, Minnesota. On tho side of the 
antiquity of man, s(jo H. 0. Lewis, l*m. Mm, (Jmi, Senf, Acad, PhUadefphia^ 1879 ; F. W. 
Putnam, C. C. Abbott, G. F. Wright, W. UphMU, &c., on Palaiolitliic man in eastern and 
central North America, Proc, Ronton Soc, Nat, Hint, xxiii. (1888), p, 421 ; G. F. Wright, 
‘Ice Age in North America,’ and ‘Man in the Glacial Period’ (1892), also I*op%dar Sd&nca 
Mimt}ily,^&y 1893, and recent papers by W. Uphain, Auwr, Oeol, 1902, 1903. On the 
other side, consult especially tho papers of W. II. Holmes and T. 0. Cliamherlln. The 
latest example of disputed evidence is that of the human skeleton said to have l>ccu exhumed 
from undisturbed loess at Lansing, Kansas. This example, fully described by Mr. Uphum 

VOL. II 2 U 
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Heaps of shells of edible species, like those of Denmark, occur on the coasts of Nova 
Scotia, Maine, &c. The large mounds of artificial origin in the Mississippi valley have 
excited much attention. The early archreology of these regions is full of interest. 

In South America, the loams of the Pampas have furnished abundant remains of 
horses, tapirs, lamas, mastodons, wolves, panthers, with gigantic extinct sloths and 
armadillos {Megatheriim, Ohj;ptodm)? 

Australasia. — No line can be drawn in this region between accumulations of the 
present time and those which have been called Pleistocene. The modern alluvia have 
been formed under similar conditions to those under which the older alluvia were laid 
dowm, though possibly with some differences of climate. In New South Wales, ossiferous 
caverns contain bones of some of the extinct marsupial animals mentioned on p. 1299 
mingled with those of some of the species which are still living in the same places. 
In one locality in the same colony, in sinking a well, teeth of crocodiles were found with 
bones of Lqyrotoclon^ &c. No human remains have yet been found associated with 
those of the extinct nnimala ; but a stone hatchet was taken out of alluvium at a depth 
of 14 feet.*-^ 

In New Zealand, the moat interesting feature in the younger geological accumula- 
tions is the presence of the bones of the largo bird LiiionUs, which has become extinct 
since the Maoris peopled the islands. The evidences of the hmnan occupation of the 
counti-y are confined to the surface-soil, shelter-caves, and sand-dunes.** 

and Prof. Winchell, is regarded by them as proof of the contemporaneity of man with the 
later phases of the Ice Age in the MiKsouri Valley (-,‘lvy?cr. Oeoh xxx. 1902, pp. 135, 189 ; 
xxxi. 1903, p. 25). On the other hand, a careful scrutiny of the locality by Professors 
Holmes, Chamberlin, Calvin, and Salisbury has led them to consider the overlying deposit as 
not loess, but a much younger and post-glacial alluvium {Jouni, Geol. x., 1902, p. 745). 
It would appear, moreover, that the age of such deposits cannot be determined from the 
character of the hmuan handiwork found in them, since Mr. Holmes lias shown that implements 
of Palfleozoic type continued to bo made by the aboriginal inhabitants of Indian Territory, 
and the very quarry from which they olitained their material has been found, together with 
specimens of their various implements, in different stages of preparation. “An Ancient 
Quarry in Indian Territory,” by W. H. Holmes, Itejg, Bureau^ Ethnologn, Washington, 1894. 

1 See Florentine Ameghino, * Tja Antiquedad del Hombro en el Plata,’ where a good 
account of the Pampas country will be found. 

^ 0. S. Wilkinson, ‘Notes on Geology of New South Wales,’ 1882, p. 59. 

** Hector, ‘ Handbook of Zealand,’ p. 25. 
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PHYSIOGEAPHIUAL GEOLOGY. 

An investigation of the geological history of a country involves two 
distinct lines of inquiry. Wo may first consider the nature and an’ange- 
ment of the rocks that underlie the surface, with a view to ascertain 
from them the successive changes in physical geogiuphy and in plant and 
animal life which they chronicle. But besides the story of the rocks, we 
may try to trace that of the surface itself — the origin and vicissitudes of 
the mountains atid plains, valleys and ravines, peaks, passes, and lake- 
basins which have been formed out of the rocks. The two inquines 
traced backward merge into each othcT* ; but they become more and more 
distinct as they are pursued towards later times. It is obvious, for 
instance, that a mass of marine limestone which rises into groups of hills, 
trenched by river-gorges and traversed by valleys, presents two sharply 
contrasted pictures to the mind. Jjooked at from the side of its origin, 
the rock brings before us a sea-bottom over which the relics of generations 
of a luxuriant marine calcareous fauna accumulated. We may be able to 
trace every bed, to mark with precision its organic contents, and to 
establish the zoological succession of which those superimposed sea- 
bottoms are the records. But wo may bo (jiiite unable to explain how 
such sea-formed limestone came to stand as it now does, here towering 
into hills and there sinking into valleys. The rocks and their contents 
form one subject of study ; the history of their present scenery forms 
another. 

The branch of geological inquiiy which deals with the evolution of 
the existing contours of the dry land is termed Physiographiciil Geology. 
To be able to pursue it profitably, some ac(]uaintance with all the other 
branches of the science is reciuisitc. Honco its consideration Inis bciui 
reserved for this final division of the present work ; but only a rapid 
summary can be attempted hore,^ 

^ A c^iouK bibliography oi' tills siiliject luiglit now be pieparcd, in which the successive 
contributions of the various geologicid schools, from those of the early Italian writers <lown 
to those of Hutton and I*layfmr, would bo enumerated. After tbe revival of interest in 
this branch of inquiry in the latter half of laat century, the earlier writings mainly dealt 

isoii 
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At the outset one or two fundamental facts may be stated. It is 
evident that the materials of the greater part of the dry land have been 
laid down upon the floor of the sea. That they now not only rise above 
the sea-level, but sweep upwards into the crests of lofty mountains, can 
only be explained by displacement. Thus the land owes its existence 
mainly to upheaval of the terrestrial crust, though it may have been to 
some extent increased and diminished by other causes (ante, p. 377 et seq,). 
The same sedimentary materials which demonstrate the fact of displacement, 
afford an indication of its nature and amount. Having been laid down 
in wide sheets on the sea-bottom, they must have been originally, on the 
whole, level or at least only gently inclined. Any serious departm-e 
from this original position must therefore be the effect of displacement, 
so that stratification forms a kind of datum-line from which such effects 
may be measured. 

Further, it is not less apparent that sedimentary rocks, besides having 
suffered from disturbance of the crust, have undergone extensive denuda- 
tion. Even in tracts where they remain horizontal, they hav^ been 
carved into wide valleys. Their detached outliers stand out upon the 
plains as memorials of what has been removed. Where, on the other 
hand, they have been thrown into inclined positions, the truncation of 
their strata at the surface points to the same universal degradation. 
Here, again, the lines of stratification may be used, as on denuded anti- 
clines, to measure approximately the amount of rock which has been worn" 
away. 

While, therefore, it is txoie that, taken as a whole, the dry land of 
the globe owes its existence to upheaval, it is not less true that its 
present contours are due largely to erosion. These two antagonistic 
forms of geological energy have been at work from the earliest times, and 
the existing land with all its varied scenery is the result of their combined 
operation. Each has had its own characteristic task. Upheaval has, as 
it were, raised the rough block of marble, but erosion has carved that 
block into the graceful statue. 

The very rocks of which the land is built up bear witness to this 

with principles as displayed in concrete examples, but are none the less important for 
their local origin, and they paved the way for more general treatises. The following list 
comprises only a few of the works that might he cited: A. C. Ramsay, ‘The Physical 
Geology and Geography of Great Bi'itain,’ 1863 ; sixth edit, edited by H. B. Woodward 
1894. A. G., * The Scenery of Scotland viewed in coiiuectiou with its Physical Geology,* 
1865 ; fourth edit. 1901 ; a sketdi of the i)hy8iography of the British Isles, Xnturc, xxix, 
(1884), pp. 325, 847, 396, 419, 442, E, Hull, ‘The Physical Geology and Geography 
of Ireland,’ 1878 ; second edit. 1891. J. Lubbock (Lord Avebury), ‘Tlie Scenery of 
Switzerland,’ 1896 ; ‘The Scenery of England,’ 1902. G. de la Noe and E. de Margorie, 
‘Les Formes du Terrain,’ Paris, 1888. A. Penck, ‘Morphologie der Erdoberfliiche,’ 2 vols. 
Stuttgart, 1894. E. Suess, ‘Antlitz der Erde * and its French translation, ‘La Pace de la 
Terre.’ T. Mellard Beade, ‘ Origin of Mountain Ranges.’ W. M. Davis, ‘ Physical Geography,’ 
Boston, U.S.A. 1898. J. Geikie, ‘Earth Sculpture.’ J. E. Marr, ‘The Scienfific Study 
of Scenery,’ 1900. Numerous papers discussing parts or the whole of the subject will be 
found in the scientific journals of the last thirty years, to some of which reference will 
be made in later pages. 
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the uplift has given way, and the resulting fault has at one point a ver- 
tical displacement estimated by him at 20,000 feet. 

Another variety of more complex structure may be termed the Park 
type, from its singularly clear development in the Park region of 



Fi^. 501.— Uinta tyi)o of 

ft, l*tilu‘ozoic rocks ; Mc^soxoie ; c, Tertlaiy ; /, fault. 


Colorado. In this type, an axis of ancient crystalline rocks — ^gi-anites, 
gneisses, &o. — ^has been as it wore pushed through the flexure, or the 
younger strata have been bent sharjdy over it, so that after vast denuda- 
tion their truncated ends stand up vertically along the flanks of the 
upliffed nucleus of older rocks (Fig. 502). 

There may be only one dominant flexure, as in the case of the Uinta 
Mountains, the long axial line of which is truncated at the ends liy lines 



Fig. 502.-- Park Typo of Floxure. 
ff, f irystalVuio rocks ; 5, Mcsowiic rocks. 


of flexure nearly at riglit angles to it. More usually, numerous folds 
run approximately parallel to each other, as in the flura and Appalachian 
chains. Not infrequently, some of them die out or coalesce. Their 
axes are seldom perfectly straight lines, but are frequently undulating 
or curved. 

(c) Uhnnuinirfi'hd Fkxum, where one side of the fold is much steeper 
than the other, but where the two sides are still inclined in opposite 
directions, occur in tracts of consideniblc disturbance. The steep sides 


OlIAUX DU Nkar Lakr 

OOMBIBF. HT, CIiAUOK, VAlJSRItlNB. ORNHVA. 



FIk. 503.— Section JwroBH Wiwtorn Part of Jimi MouwttiliiH. 
(After P. Ohofl'at, A. H(»iin, ‘MochaiilHiu. (lol>ii*gfll).’ pi. sill.) 


look away from the area of maximum movement, and are more sharply 
inclined as they approach it, until the flexures become inverted. Instruc- 
tive efamples of this structure are presented by the Jura Mountains and 
the Appalachian chain. In these tracts, it is observable that in proportion 
as the flexures increase in angle of inclination, they ))ecome narrower 
and closer together; while, on the other hand, as they diminish into 
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symmetrical forms, they become broader, flatter, and wider apart, till 
they disappear (Figs. 353, 503). 

{d) Pieversed Flexures^ where the strata have been folded over in such 
a way that on both sides of the axis of curvature they dip in the same 
direction, occur chiefly in districts of the most intense plication, such 
as a great mountain chain like the Alps. The inclination, as before, is 
for the most part towards the region of maximum disturbance, and the 
flexures are often so rapid that after denudation of the tops of the arches 
the strata are isoclinal, or appear to be dipping all in the same direction 
(p. 678). A gradation can be traced through the three last-named kinds 
of flexure. The inverted or reversed type is found where the crumpling 
of the crust has been gi^eatest. Away from the area of maximum dis- 
turbance, the folds pass into the unsymmetrical type, then with gradually 
lessening slopes into the symmetrical, finally widening out and flattening 
into the plains. If we bisect the flexures in a section of such a plicated 
region we find that the lines of bisection or “axis-planes” are vertical 
in the symmetrical folds, and gradually incline towards the more plfbated 
ground at lessening angles.^ 

Fractures not infrequently occur along the axis of unsymmetrical and 
inverted flexures, the strata having snapped under the great tension, and 
one side (in the case of inverted flexures, usually the upper side) having 
been pushed over the other, sometimes with a vertical displacement of • 
several thousand feet, or a horizontal thrust of perhaps many miles (antCj 
pp. 690-694, 794, 892, 970). It is along or parallel to the axes of 
plication, and therefore coincident with the general strike, that the great 
faults of a plicated region occur. One of the most remarkable and im- 
portant faults in the low grounds of Europe is that which bounds the 
southern edge of the Belgian coal-field (p. 693). It can be traced across 
Belgium, has been detected in. the Boulonnais, and may not improbably 
run beneath the Secondary and Tertiary rocks of the south of England. 
The extraordinary thrust-planes which Kothpletz has shown to exist in 
the Alps, and those of the north-west of Scotland, are notable examples 
of gigantic horizontal displacements in mountainous regions, while still 
more prodigious are those of Scandinavia. It is a remarkable fact that 
faults which have a vertical throw of many thousands of feet may produce 
little or no effect upon the surface. The great Belgian fault just referred 
to is crossed by the valleys of the Meuse and other northerly flowing 
streams, yet so indistinctly is it marked in the Meuse valley that no 
one would suspect its existence from any peculiarity in the general form 
of the ground, and even an experienced geologist, until he had learned 
the structure of the district, would scarcely detect any fault at all. The 
Scottish thrust-planes are eroded like ordinary junction-planes between 
strata, and produce no more effect than these do on the topography (see 
Pigs. 344, 369), nor have the still more stupendous displacements of the 
Alps and Scandinavia been more effective in the determination of the 
leading features of topography. 

In some regions of intense disturbance the rocks have been plicated 
^ H. D. Bogerfl, Tram, Roy, Soe. Rdin, xxi. p. 434. 
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rather than fractured. The folds have been so compressed that their 
opposite limbs often lie parallel to each other at a high inclination, 
though, as in the case of the Alps, closer scrutiny even in such tracts 
where plication has been so effective may discover proofs also of gigantic 
thrusts. In other regions, such as the north-west of Scotland, where the 
gigantic pressure has encountered the resistance of a “ horst ’’ or solid 
buttress of immovable material, the rocks Lave been ruptured by 
innumerable thrust-planes and faults, and have been driven over each 
other in a kind of imbricated structure (Fig. 369). 

(e) Alpine Tj/pe of Moinikwi-Siriicinre } — It is along a great mountain 
chain like the Alps that the most colossal crumplings of the terrestrial 
crust are to be seen. In approaching such a chain, one or more minor 
ridges may l^e observed running on the whole parallel mth it, as the 
heights of the Jura flank the north side of the Alps, and the sub- 
Himalayan hills follow the southern base of the Himalayas. On the 
outer side of those ridges, the strata may bo fiat or gently inclined. At 
first •they undulate in broad gentle folds ; but traced towards the 
mountains these folds l)eoome sharper and closer, their shorter sides 
fronting the plains, their longer slopes dipping in the opposite direction. 
This inward dip is often traceable along the flanks of the main chain of 
mountains, younger rocks seeming to underlie others of much older date. 

» Along the north front of the Alps, for instance, the red molasse is over- 
lain by Eocene and older formations. The inversions and disruptions 
increase in magnitude till they reach such colossal dimensions as those of 
the Gliirnisch,**^ where pre-Cambrian schists, and Triassic, Jurassic, and 
Cretixceous rocks have boon driven for miles over the Eocene and Oligocone 
flysch (pp. 677, 093). In such vast cruinpliiigs and thrusts it may happen 
that portions of older stratii are caught in the folds of later formations, 
and some care may be required to discriminate the enclosure from the 
rocks of which it appears to fomx an integral and original - part. Some 
of the I'ccorded examples of fossils of an older zone occurring by 
themselves in a much younger group of plicated rocks may bo thus 
accounted for. 

The inward dip and couso<]ueiit inversion traceable towards the centre 
of a mountain chain load up to the fan-shaped structure (p, 678), where 
the oldest rocks of a series occupy the centre and overlie younger masses, 

^ For iiil'ornmtioH on tlu* iiitenml Ktru(*tun* of the Al])iue drain sco cfipcdally the luapH, 
sections, and cxidauatovy inemolvs by lU‘ii(*vit*r, l-Ji*iin, A. lialtzcr, M Favre, K. J, Kaufinanii, 
C. .\rocscli, H. Scliardi, A. (Jntzwiller, K von Folhnrbcrti;, and others in the IkUriUjii, 
(hok Karfo. tier Murizj also Fritz Knudn “ Dio Kuniischen Al])cn,” Ahhttml. Safitr/. ilea, 
J/ath, xviii. (lloft i.) 1892 ; iijwcagna rm tho (Iraian Alps, Cmn, (leoL IM, Her. iii. vol. 
iii. (1892), p. I7r> ; e-ousiilt also Heim’s ‘ MoclianismuH <k‘r Gcbirjjsbildnng’ ; Suess, ‘Antlitz 
dor Erdc’ and ‘ KntstollllUJ^ der Alj)on ’ ; A. Favro, ‘ JkadiereheH Geol. dans les parties de la 
Savoie dll Piernont et. ile la Suisse volsines du Mont Blanc,’ 18ti7, and ‘ Description Geol. 
Canton #one.ve,* 1880 ; F. Fraas, ‘Hcencrie der Alpen;’ 1892 ; the writings of A. Hothpletz 
cited aw/c, }>. 677 ; Duparc and Mrazee, ‘Mont Blaue,’ (leneva, 1898, 

Besides the great work of Heim on this region and the memoirs of Rothpletz eited 
anit^ p. 677, see a paper by the latter in Z, 1K If. xli.K. (1897), p. 1 ; one by Baltzer, 
op. clt. li. (1899), p. 327 ; and further ivinarks by llothpleljc in same volume. 
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which plunge steeply under them. Classical examples of this structure 
occur in the Alps (Mont Blanc, Fig. 258, St. Gothard), where crystalline 
rocks such as granite, gneiss, and schist, the oldest masses of the chain, 
have been ridged up into the central and highest peaks. Along these 
tracts, denudation has been of course enormous, for the appearance of the 
granitic rocks at the surface has been brought about, not necessarily by 
actual extrusion into the air, but more probably by prolonged erosion, 
which in these higher regions, where many forms of sub-aerial waste reach 
their most vigorous phase, has removed the vast overarching cover of 
younger rooks under which the crystalline nucleus doubtless lay buried. 

With the crumpling and fracture of rocks in mountain-making, the 
hot springs may be connected, which so frequently arise along the flanks 
of a mountain chain. A further relation is to be traced between these 
movements and the opening of volcanic vents along a mountain-chain or 
parallel to it, as in the Andes and other prominent ridges of the crust or 
along the crests .of sub-oceanic ridges, as is so strikingly displayed in the 
Pacific and Atlantic basins. Elevation, by diminishing the pressitf^e on 
the parts beneath the upraised tracts, may permit them to assume a 
liquid condition and to rise within reach of the surface, when, driven 
upwards by the expansion of superheated vapours, they are ejected in the 
form of lava or ashes. Mr. Fisher has suggested that the lower half of 
a double bulge of the crust in a mountain (p. 1366), by being depressed 
into a lower region, may be melted oflf, giving rise to siliceous lavas 
which may rise before the deeper basaltic magma begins to be erupted. 

A mountain-chain may be the result of one movement, but probably 
in most cases is due to a long succession of such movements. Formed 
on a line of weakness in the crust, it has again and again given relief 
from the strain of compression by undergoing fresh crumpling and 
upheaval. Successive stages of uplift are usually not difficult to trace. 
The chief guide is supplied by unconformability (p. 820). Let us 
suppose, for example, that a mountain range (Fig. 604) consists of 







b 


a 


b 


Fig. 604.— Section showing two periods of Upheaval. 


upraised Lower Silurian rocks (a), upon the upturned^ and denuded edges 
of which the Carboniferous Limestone {b b) lies transgressively. The 
original upheaval of that range must have taken place between the 
Lower Silurian and the Carboniferous Limestone periods. If, in follow- 
ing the range along its course, we found the Carboniferous Limestone also 
highly inclined and covered unconformably by the Upper Coal-measures 
{c c), we should know that a second uplift of that portion of the ground 
had taken place between the time of the Limestone and that of the 
Upper Coal-measures. Moreover, as the Coal-measures were laid down 
at or below the sea -level, a tldrd uplift has subsequently occuired 
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whereby they were raised into' dry land. By this simple and obvious 
kind of evidence, the relative ages of difierent mountain chains may be 
compared. In most great mountain chains, however, the rocks have 
been so intensely crumpled, dislocated, and inverted, that much labour 
may be required before their true relations can be deteimined. 

The Alps offer an instructive example of a great mountain system 
formed by repeated movements during a long succession of geological 
periods. The central portions of the chain consist of gneiss, schists, 
granite, and other crystalline rocks, partly referable to the pre-Cambrian 
series, but some of which (Schistes lustres, Biindnerschiefer) include meta- 
morphosed Palaeozoic, Secondary, and in some places, perhaps, even older 
Tertiary deposits (pp. 802,1099). It would appear that the first outlines of 
the Alps were traced out even in pre-Cambrian times, and that after sub- 
mergence, and the deposit of Palaeozoic formations along their flanks, if 
not over most of their site, they were re-elevated into land. From the 
relations of the Mesozoic rocks to each other, we may infer that several re- 
newed uplifts, after successive denudations, took place before the beginning 
of Tertiary times, but without any general and extensive plication. A 
large part of the range was certainly submerged during the Eocene period 
under the waters of that wide sea which spread across the centre of the 
Old World, and in which the nummiilitic limestone and flysch were 
deposited. But after that period the grand upheaval took place to which 
the present magnitude of the mountains is chiefly due. The older 
Tertiary rocks, previously horizontal under the sea, were raised up into 
mountain-iidges more than 11,000 feet above the sea-level, and, together 
with the older foimations of the chain, underwent colossal plication and 
displacement. Enormous slices of the oldest roclcs wore torn away from 
the foundations of the chain and driven horizontfilly for miles until they 
came to rest upon some of the newest formations. The thick Mesozoic 
groups were folded over each other like piles of carpets, and involved in 
the lateral thrusts so as now to bo seen resting upon the Tertiary flysch. 
So intense was the compression and shearing to which the rocks were 
subjected that lenticles of the Carboniferous series have been folded in 
among Jurassic strata, and the whole have been so welded together that 
they can hardly be distinguished where they meet, and what wore 
originally clays and sands have been converted into hard crystalline 
rocks. It is stiange to reflect that the enduring niatemls out of which 
so many of the mountains, cliffs, and pinnacles of the Alps have been 
formed are of no higher geological antiquity than the London Clay and 
other soft Eocene deposits of the south of England and the north of 
France and Belgium. At a later sUge of Tertiary time, renewed dis- 
turbance led to the destruction of the lakes in which the molasse had 
accumulated, and their thick sediments were thrust up into large broken 
mountain masses, such as the Rigi, Rossberg, and other prominent 
heights along the northern flank of the Alps. Since that last post-Eocene 
movement, no great orogenic paroxysm seems to have affected the Alpine 
region. But the chain has been left in a state of unstable equilibrium. 
From time to time normal faults have taken place whereby portions 
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the uplifted rocks have sunk down for hundreds of feet, and some of 
these dislocations have cut across the much older and more gigantic dis- 
placements of the thrust-planes (Fig. 282). At the same time continuous 
denudation has greatly transformed the surface of the ground, so that 
now cakes of gneiss are left as mountainous outliers upon a crushed 
and convoluted platform of Tertiary strata.^ Nor, in spite of the settling 
down of these broken masses, has final stability been attained. The 
frequent earthquakes of the Alpine region bear witness to the strain of 
the rocks underneath, and the relief from it obtained by occasional rents 
propagated through the crust along the length of the chain. 

The epeirogenic evolution of a continent during a long succession of 
geological periods has been admirably worked out for the whole globe 
by Suess, for Europe by him and by Neumayr, and for North America 
by Dana, Dawson, Dutton, Gilbert, Hayden, King, Newberry, Powell,, 
and others. The general character of the structure of the American, 
continent is extreme simplicity, as compared with that of the Old 
World. In part of the Eocky Mountain region, for example, while 
the Palaeozoic formations lie unconformably upon pre-Cambrian giieiss, 
there is, according to King, a regular conformable sequence from 
the lowest Palaeozoic to the Jurassic rocks, though probably many 
local unconformabilities exist. During the enormous interval of time 
represented by these massive formations, what is now the present axis 
of the continent appears to have been exempt from any great erogenic 
paroxysm and to have remained hardly disturbed by more than a 
gentle and protracted subsidence. In the great depression or geosyn- 
cline thus produced, all the Palaeozoic and a great part of the Mesozoic 
rocks were accumulated. At the close of the Jurassic period, the first- 
great upheavals took place. Two lofty ranges of mountains — the Sierra 
Nevada (now with summits more than 14,000 feet high) and the 
Wahsatch — 400 miles apart, were pushed up from the great subsiding 
area. These movements were followed by a prolonged subsidence, during 
which Cretaceous sediments accumulated . over the Eocky Mountain 
region to a depth of 9000 feet or more. Then came another vast uplift, 
whereby the Cretaceous sediments were elevated into the crests of the 
mountains, and a parallel coast-range was formed fronting the Pacific- 
Intense metamorphism of the Cretaceous rocks is stated to have taken 
place. The Eocky Mountains, with the elevated table-land from which 
they rise, now permanently raised above the sea, were gradually elevated 
to their present height. Vast lakes filled depressions among them, in 
which, and on the plains in front of the mountains, as in the Tertiary 
basins of the Alps and the Gondwana series of the Himalaya, enormous 
masses of sediment accumulated. The slopes of the land were clothed 
with an abundant vegetation, in which we may trace the ancestors of 
many of the living trees of North America. One of the most striking 
features in the later phases of this history was the outpouring of ...gi*eat 
floods of trachyte, basalt, and other lavas from many points and fissures 

^ These features of Alpine tectonics have been admirably deciphered by Dr. Eothpletz in 
the series of memoirs already cited. 
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over a vast space of the Kocky Mountains and the tracts lying to the 
west. In the Snake Eiver region alone the basalts have a depth of 700 
to 1000 feet, over an area 300 miles in breadth. 

These examples show that the elevation of mountains, like that of 
continents, has been occasional, and probably sometimes paroxysmal. 
Long intervals elapsed, when a slow subsidence took place, but at last 
a point was reached when the descending crust, unable any longer to 
withstand the accumulated lateral pressure, was forced to find relief by 
rising into mountain ridges. With this effort the elevatory movements 
ceased for the time. They were followed either by a stationary period, 
or more usually by a renewal of the gradual depression, until eventually 
relief was again obtained by upheaval, sometimes along new lines, but 
often on those which had previously been used. The intricate crumpling 
and gigantic displacements and inversions of a great mountain -chain 
naturally suggest that the movements which caused these disturbances 
of the strata were sudden and violent And this inference may often, if 
not generally, be correct. It is not so easy, however, to demonstrate that 
a dislfhrbance was rapid as to prove that it must have been slow. That 
some uplifts resulting in the rise of important mountain ranges have 
been almost insensibly brought about, is believed to be shown by the 
operation of rivers in the regions affected. Thus the rise of the Uinta 
Mountains appears to have been so quiet, that the Green River, which 
•flowed across the site of the range, has not been deflected, but has 
actually been able to deepen its canon as fast as the mountains have 
been pushed upward.^ The Pliocene accumulations along the southern 
flanks of the Himalayas show that the rivers still run in the same lines 
as they occupied before the last gigantic upheaval of the chain (p. 1297).^ 
A similar conclusion has been drawn from the river-valleys in the Elburz 
Mountains, Pei-sia.^ 

2. Terrestrial Features due to Volcanic Action. — The two 
types of volcanic eruptions described in Book III. Part I. give rise to two. 
very distinct types of scenery. The ordinary volcanic vent leads to the 
piling up of a conical mass of erupted materials round the orifice. In its 
simplest form, the cone is of small size, and has been formed by the 
discharges from a single funnel, like many of the tuff and cinder-cones of 
Auvergne, the Eifel, the Bay of Naples, the Permian necks of Central 
Scotland, the Tertiary vents of the Swabiiui Alb, and the youngest cones 
in the volcanic tracts of the western United States. Every degree of 
divergence from this simplicity may be traced, however, till we reach a 
colossal mountain like Etna, wherein, though the conical form is still 
retained, eruptions have proceeded from so many lateral vents that the 

^ Powell’s “G-eology of the Uinta Mountains,” in the Reports of U.S, Umynt^himl and 
Gedoyical Sin'my Rochy Mtmntaiii Rsgmn,, 1876. The .same couclusiou is drawn by 
Gilbert from the structure of the Wahaatoh Mountains. See his admiralde essay on “ Land 
SculptuBp," in his “Geology of the Henry , Mountjuiis,” published in the same series of 
Reports, 1877. 

2 Medlicott and Blanford, * Geology of India,’ p. 670. 

® B. Tietze, Jedwh, QeoL limlisamL xxvlix. (1878), p. 081. 
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main cone is loaded with minor volcanic hills, or like some of the still 
more gigantic peaks of Ecuador, where such huge masses of solid rock 
form the centr^ and loftiest part of the structure. Denudation as well 
as explosion comes into play ; deep and wide valleys, worn down the 
slopes, serve as channels for successive floods of lava or of water and 
volcanic mud. On the other hand, the type of fissure-eruption in which 
the lava, instead of issuing from a central vent, has flowed out from 
minor vents along the lines of many parallel or connected fissures, leads to 
the formation of wide lava-plains composed of successive level sheets of lava. 
By subsequent denudation, these plains are trenched by valleys, and, 
along their margin, are cut into escarpments with isolated blocks or out- 
liers. Thus, while at first they look like lakes or seas of black verdure- 
less rock, as in the modern lava-deserts of Iceland, or those of more 
ancient date in the Western United States, they eventually become gi*eat 
plateaux or table-lands trenched by deep and wide valleys or cut into tall 
cliffs by the sea, like those of north-west Europe, the Deccan, Abyssinia, 
and the Snake Eiver. 

The forms assumed by volcanic masses of older Tertiary anC^ still 
earlier geological date are in the main due not to their original contoui‘s, 
but to denudation. The rocks, being commonly harder than those 
among which they lie, stand out prominently, and often, in course of 
time and in virtue of their mode of weathering, assume a conical form, 
which, however, has usually no relation to that of the original volcano. " 
Eminences formed after the type of the Henry Mountains (p. 736) owe 
their dome-shape to the subterranean effusion of erupted lava, but the 
superficial irregularities of contour in the domes must be ascribed to 
denudation (Figs. 301, 324, 326, 328, 329, 338). 

3. Terrestrial Features due to Denudation. — The general 
results of denudation have been discussed in Book III. Part II. Sect, ii.^ 
Every portion of the land, as soon as it rises above the sea-lovel, is 
attacked by denuding agents. Hence the older a terrestrial surface, the 
more may it be expected to show the results of the operation of these 
agents. We have already seen how comparatively rapid are the pro- 
cesses of subaerial waste (pp. 586-597). It is accordingly evident that 
the present contours of the land cannot be expected to reveal any trace 
whatever of the early terrestrial surfaces of the globe. The most recent 
mountain chains and volcanoes may, indeed, retain more or less markedly 
their original superficial outlines; but these must be more and more 
efiaced in proportion to their geological antiquity. 

1 The part taken by denutlation iu landscape has been much discussed. It was strongly 
enforced by Hutton in his ‘ Theory of the Earth,’ and by Playfair in his ‘ Illustrations of the 
Huttonian Theory.’ The views of these pioneers were adopted and worked out in some 
detail by Jukes {posteot p. 1884), afterwards by Ramsay in his volume cited on p. 1364, by 
myself in my ‘ Scenery of Scotland,’ and by Topley and Poster with reference to the Weald 
of the South of England {Mem, Geol, Sii/rvep, 1875). Since these early writings the subject 
has been taken up with great enthusiasm in the United States, especially by Po'S’eU and 
Gilbert. Professor W. M. Davies has also written voluminously upon it. To some of his 
papers reference is made in subsequent pages. The subject is discussed in the volume ^ Les 
Formes du Terrain,’ by MM. De la Noe and De Margerie. 
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The fundamental law in the erosion of terrestiial surfaces is that 
harder rocks resist decay more, while softer rocks resist it less. The 
former consequently are left projecting, while the latter are worn down. 
The terns “hard’’ and “soft” are used here in the sense of being less- 
easily and more easily abraded, though every rock suffers in some 
measure. If, therefore, a perfectly level surface, composed of rocks 
exceedingly unequal in power of resistance, were to be raised above the 
sea, and to be exposed to the action of weathering, it would eventually 
be carved into a system of ridges and valleys. The prominences would be 
largely determinetl by the position of the harder rocks, the depressions 
by the site of the softer. But no surface of land in nature is perfectly 
smooth and level. There are always undulations and inequalities which,, 
though they may be imperceptible to the eye, make themselves conspicuous 
when rain falls, for even the faintest hollows then become pools or seiwe 
as channels for the descent of the water to lower levels. Hence, whether 
by initial ineqiuilities of surface, or by varying degrees of softness, 
every mass of land, as soon as it is upraised above sea-level, begins 
to be unequally eroded. The hollows and Vallejo’s mark, on the whole, 
where the denudation is gi-eatest. The hills and prominent lidges are 
found to be where they arc, not so much because they have there been 
more upheaved, but because, by the disposition of the original drainage- 
lines, they have been less eroded than the valleys, or because they are 
composed of more durable materials. 

In this marvellous process of land-sculpture, we have to consider, on 
the one hand, the agents and combinations of agents which are «at work, 
and on the other, the varying powers of resistance arising from declivity,, 
composition, and structure of the materials on which these agents act. 
The forces or conditions required in denudation — air, aridity, rapid 
alternations of moisture and drought or of heat and cold, rain, springs,, 
frosts, livers, glaciers, the sea, plant and animal life — have been descril)ed 
in Book III. Part II. Every country and climate must obviously have 
its own coml)ination of erosive activities. The decay of the sui^ace in 
Egypt or Arizona arises from a difterent group of forces from that which 
can be seen in the west of Europe or in New England. 

In tracing the sculpture of the land, we are soon led to perceive the 
powerful influence of the angle of slope of the ground upon the 
rate of erosion. This rate decreases as the angle lessens, till on level 
plains it reaches its minimum. Other things being equal, a stoop mountiun 
ridge will be more deeply eroded than a gentle elevation of equal height 
which rises gradually out of the plains. Hence the declivity of the 
ground, at its first uplift into land, must have had an important bearing 
upon the subsequent erosion of the slopes. It is important to observe 
that the depressions into which the first rain gatliered on the surface of 
the newly upraised land would, in most cases, become the poimanent 
lines gf drainage. They would be continually deepened as the water 
coursed in them, so that, unless where subtenanean disturbance came into 
play, or where the channels were obstnxeted by landslips, volcanic 
ejections, or otherwise, the streams would be unable to quit the channels 
VOL. II 2 X 
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they had once chosen. The permanence of drainage-lines is one of 
the most remarkable features in the geological history of the continents. 
The main valleys of a country are usually among the oldest paits of its 
topography. As they are widened and deepened, the ground between 



•them may be left projecting into high ridges and even into prominent 
isolated hills. 

A chief element in the progress of land-sculpture is geol<)gical 
structure — the character, arrangement, and composition of the rocks, 
and the manner in which each variety yields to the attacks of the de- 
nuding agents. Besides the general relations of the so-called hard rocks 
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to resulting prominences, and of soft rocks to depressions, the broader 
geotectonic characters have had a dominant influence upon the evolution 
of terrestrial contours. As illustrations of this influence, reference may 
be made to the marked diflerence between the scenery of districts com- 
posed of stratified sedimentary rocks, and that of areas of massive 
•eruptive rocks, such as granite. In the former case (Fig. 505), bedding 
and joints furnish divisional lines, the guiding influence of which upon 
the external forms of the mountains is everywhere traceable. In the 
ease of eruptive masses (Fig. 506), the rock is split open along joints 
only, which mainly determine the shapes of crest, cliff, and corry. 

Bedding produces a distinct type of scenery which can be traced 
from the sides of a mere brook up into tall sea -cliffs or into lofty 
mountain - groups. Moreover, much of the ultimate character of the 
.scenery depends upon whether the strata have been left undisturbed ; 
for the position of the bedding, whether flat, inclined, vortical, or 
•contorted, largely determines the nature of the surface. The most 
characteristic scenery formed by stratified rocks is undoubtedly where 
the bedding is horizontal, or nearly so, and the strata are massive. A 
mountain constmeted of such materials appears as a colossal pyramid, 
the level bars of stratification looking like gigantic courses of masonry. 
Joints and faults traversing the bedding allow it to be cleft into blocks 
iind deep chasms that heighten the resemblance to ruined architecture. 

' Impressive illustrations of these results are to bo found in the Western 
Territories of the United States. The vast table-lands of the Eiver 
Colorado, in particular, offer a singularly impressive picture of the effects 
of mere subaen*al erosion on undisturbed and nearly level strata (see 
Frontispiece). Systems of stream-courses and valleys, river gorges, un- 
•exampled elsewhere in the world for depth and length, vast winding 
lines of escarpment, like ranges of sea-cliffs, terraced slopes rising from 
plateau to plateau, huge buttresses and solitary stacks standing like 
islands out of the plains, groat mountain masses toweling into picturesque 
peaks and pinnacles, cleft by innumerable gullies, yet (‘.v(n*v where marked 
by the parallel bars of the horizontal strata out of which they have been 
carved — these are the oixlerly Ryinmetrical characteristics of a country 
where the scenery is due entirely to the action of subaerial agents and 
the varying resistance of level or little disturbed stratified rocks. 

On the other hand, where stratified rocks have been subjected to 
pliciitions and fractures, their characteristic features may be gradually 
almost lost among those of the crystalline masses which under these circum- 
stances are so often found to have been forced through them. The Alps 
may be cited as a well-known example of this kind of scenery (Figs. 255- 
258, 282). The whole geological aspect of these mountains is suggestive 
of former intense commotion. Yet on every side proofs of the most 
enormous denudation meet the eye. Twisted and crumpled, the solid sheets 
of limestone may be seen as it were to writhe from the base to the summit 
of a mountain, yet they present everywhere their truncated ends to the 
air, and from these ends it is easy to see that a vast amount of material 
has been worn away. Apart altogether from what may have been the 
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shape of the ground immediately after the upheaval of the chain, there 
is evidence on every side of gigantic denudation. The subaerial forces- 
that have been at work upon the Alpine surface ever since it first appeared 
have dug out the valleys, sometimes acting in original depressions, some- 
times eroding hollows down the slopes. Moreover they have planed down 



the flexures, excavated lake-basins, scarped the mountain sides into cliff 
and drg'my notched and furrowed the ridges, splintered the creits into 
chasm and cdguille^ until no part of the original surface now remains . in 
sight. And thus the Alps remain a marvellous monument of stupendous 
earth-throes, followed by prolonged and gigantic denudation 
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In massive or igneous rocks, the structure-lines are those of joints alone, 
and according to the direction of the intersecting joints the trend and shape 
of the ridges are determined. The importance of rock-joints, not only in 
details of scenery, but even in some of the main features of the mountain 
outlines of massive rocks, and in the erosion of ravines is hardly at first 
.credible. It is along these divisional lines that the rain has filtered, and 
the springs have risen, and the frost wedges have been driven. On the 
bare scarps of a high mountain, %vhere the inner structure of the mass is 
laid open, the system of joints is seen to have determined the lines of 
crest, the vertical walls of cliff and pi*ecipice, the forms of buttress and 
recess, the position of cleft and chasm, the outline of spire and pinnacle. 
On the lower slopes, even under the tapestry of verdure which nature 
delights to hang where she can over her naked rocks, we may detect the 
same pervading influence of the joints upon the foims assumed by ravines 
and crags. Etich kind of eruptive rock has its own system of joints, and 
by these in large measure is its characteristic type of scenery determined. 

A few of the more important features of the land may be briefly 
noticed here in their relation to this branch of geology. In the physio- 
graphy of any region, mountains are the dominant features (p. 50). 
A tme mountain-chain consists of rocks that have been crumpled and 
pushed up in the manner already described. But ranges of hills, almost 
•mountainous in their bulk, may be formed by the gradual erosion of 
valleys out of a mass of original high ground. In this way, some ancient 
table-lands have been so channelled that they now consist of massive 
rugged hills, either isolated or connected along the flanks. Eminences 
•detached by erosion from the masses of rock whereof they once formed a 
i)art, have been termed outliers (Figs. 124, 507, 508), or where of large size, 
hills of cirenmdemukdion. Their isolation may either be due to the action 
of streams working round them, apart altogether from geological structure, 
or to their more resisting constitution, which has enabled them to remain 
prominent during the general degradation of the whole surface. 

Table-lands (p. 53) may sometimes aiise from two causes. In 
the first place, wide tracts of horizontal stratified rocks, whether of 
aqueous or of igneous origin, may bo elevated by epeirogenic movements 
until, still preserving their general horizontality, they reach a height of 
hundreds or thousands of feet above tho sea. In such cases the surface 
of the platform may at first correspond broadly with that of the stratificar 
tion, though the progress of denudation tends continually to destroy the 
connection between tho two surfaces. Such examples are Tablelands of 
Deposition, In the second place, a tableland may be formed by the abrasion 
of hard rocks and tho production of a more or less level plain as the 
result of denudation. This process can only be completed when the land 
has been worn down by such long continued degradation that its level 
is not j^iuch above that of the sea, and its slopes are so feeble that erosion 
almost ceases.^ But the result is most completely attained when the worn 
down platform has been finally levelled out by the waves of the sea and 
depressed below sea-level to the lower limit of marine erosion. Such a 

^ Professor Davis has proposed the term “ peneplain ” for such a denuded platform. 
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form of surface, when raised into high land, becomes a Table-land of Erosion. 
Notable examples are to be seen in the extensive “fjelds” or elevated 
plateaux of Scandinavia, many of which, rising above the snow-line, form 
vast snow-fields whence glaciers descend almost to the sea-level. Fragments 
of a similar table-land may be recognised among the Grampian Mountains 
of Scotland. It can be shown that some of these plateaux are of high 
anti<iuity, that they have l)een protected for ages by formations now 
worn away from them, and that they are being gradually destroyed by 
the denuding forces. Most of the great table-lands of the globe seem to 
be platforms of the first type. But, whatsoever its mode of origin, the 
plateau undergoes a gradual transformation under continued denudation. 
No sooner arc the rocks raised above the sea, than they are attacked by 
running water, and begin to be hollowed out into systems of valleys. As 
the valleys sink, the platforms between them grow into narrower and 
more definite ridges, until eventually the level table-land is converted 
into a complicated network of hills and valleys, wherein, nevertheless, 
the 4tey to the whole arrangement is furnished by a knowledge of the 
disposition and effects of the flow of water. The examples of this process 
brought to light in Colorado, Wyoming, Nevada, and the other Western 
Territories, by Newberry, King, Hayden, Powell, Gilbert, Dutton, and 
other explorers, are among the most stinking monuments of geological 
operations in the world. The erosion of the ancient table-lands of 
Scandinavia and Scotland, and their conversion into systems of hilly 
ridges and valleys, have been a more complex process, prolonged through 
a succession of geological periods with intervals of upheaval and depression, 
but though less impressive from its more limited scale, it conveys many 
interesting and instructive lessons as to the efficacy of subaerial waste.^ 
Watersheds are of course at first determined by the form of the 
earliest terrestrial surface. But they are loss permanent than the water- 
courses that diverge from them. Where a watershed lies symmetrically 
along the centre of a country or continent, with an equal declivity and 
rainfall on either side, and an* identity of geological structure, its site 
will be permanent, because the erosion on each slope proceeds at the 
same rate. But such a combination of circumstances can happen rarely, 
save on a small and local scale. As a rule, watersheds lie on one side 
of the centre of a country or continent, and the declivity is steeper on 
the side nearest the sea. Hence, apart from any influence from difference 
of geological structure, the tendency of erosion, by wearing the steep- 
slope more than the gentle one, is to carry the watershed backward 
nearer to the true centre of the region, especially at the heads of valleys. 
Of course this is an extremely slow process ; but it must be admitted to 
be one of real efficacy in the vast periods during which denudation has- 
continued, Excellehli illustrations of its progress, as well as of many 
other features of land-sculpture, may often be instructively studied on 
olay-bSnks exposed to the influence of rain.^ 

^ The plateau of the Ardennes is another instance of a tableland of erosion out in ancient 
plicated rooks. Its erosion is noticed by H. Arctowski, jS. S. O. F. xxiii. (1895), p. 8. 

• *•* See on this subject Mr. Gilbert’s suggestive remarks in the Essay on * Land Sculpture *' 
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The crests of mountains are watersheds of the shai'pest type, where 
•erosion has worked backward upon a steep slope on either side. Their 
forms are mainly dependent upon structure, and especially upon systems 
•of joints. It will often be observed that the general trend of a crest 
•coincides with that of one set of joints, and that the bastions, recesses, 
and peaks have been determined by the intersection of another set. If 
the rock is uniform in structure, and the declivity equal in angle on 
either side, a crest may retain its position ; but as one side is usually 
•considerably steeper than the other, the crest advances at the expense of 
the top of the gentler declivity. But, under any circumstances, it is 
-continually lowered in level, for it may be regarded as the part of a 
mountain where the rate of subaerial denudation reaches a maximum. 
An ordinary cliff is attacked in front, but a crest has two fronts, 
And is farther splintered along its summit. Nowhere can the guiding 
influence of geological structure be more conspicuously seen than in the 
array of spires, buttresses, giillies, and other striking outlines which a 
mountain crest assumes. 

Valleys have had their direction determined (1) by flexures of the 
terrestrial crust ; (2) by lines of fault ; or (3) by original inequalities on 
the surface of an uplifted platform of denudation. It is much less common 
than might be supposed to find a valley lying along a synclinal trough, 
though some of the larger depressions pai*iillel with the strike of the 
plication in a mountain-chain have obviously had this origin. Again, 
the coincidence of valleys with lines of fault is probably much less fre- 
quent than is often supposed. To many geologists the mere ^stence 
•of a valley is evidence of the presence of a fault In every case actual 
proof of the fault should be sought in the tectonic structure of the ground. 
The detailed mapping of the Geological Surv’-ey of Britain has shown that 
in the vast majority of cases in that country valleys have no connection 
mth faults.^ Where the disposition of a system of valleys has been 
determined by forms of surface due to the uplift of a mass of land above 
sea-level two dominant trends may be observed among them. There is 
first a lougihulmal series corresponding to the strike of the flexures in the 
upraised ridge, and secondly a transverse series formed by the flow of the 
water down the slopes into the longitudinal valleys or into the sea. But 
■even in these cases, for the most part little more than the initial direction 
is due to underground movement. The actual formation of valleys has 
been mainly the work of erosion.‘^ Their contours depend partly on the 
.already cited (p. 1375). See also A, G., JYaivre, xxix. (1884), p. 326, where the history of 
the watersheds of the British Isles is traced, and where a general outline of the physiography 
•of the country is given. 

^ Lord Avebury mentions that on the St. Gothard railway line the tunnels pass six times 
•under the Reuss and that no fault occiirs theiu {‘ Scenery of England,’ p. 294). Perhaps 
rthe most remarkable coincidence of a long line of depressions and valleys with a powerful 
■rupture of the terrestrial crust is Unit of the “ Great Rift Valley ” of Basteni Africajn 

® The student should read the suggestive essay by the late J. B. Jukes (Q, L Q. S, xviii. 
'(1862), p. S78), which was the first attempt to work out the history of the excavation of a 
valley system in reference to the geological history of the ground. See also Penck, Eeue$ 
Jdh/rh. 1890, p. 165 ; E. Tietze, Jahrh Qed. Meiclisanst xxxviii. (1888), p. 638. 
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structure aud composition of the rocks, and partly on the relative potency 
of the difterent denuding agents. Where the influence of air, rain, frost, 
and general subaerial weathering has been slight, and the streams, supplied 
from distant sources, have had sufficient declivity, deep, narrow, precipitous 
ravines or gorges have been excavated. The canons of the Colorado are 
a magnificent example of this result (Frontispiece and Pigs. 124, 507). 
Where, on the other hand, ordinary atmospheric action has been more rapid, 
the sides of the river channels have been attacked, and open sloping glens 
and valleys have l)cen hollowed out. A gorge or defile is usually due 
to the action of a waterfall, which, beginning with some abrupt declivity 
or precipice in the course of the river when it first commenced to flow, 
or caused by some hard rock crossing the channel, has eaten its way 
backward, as already explained (p. 500). 

A pass is a portion of a watershed ivkich has been cut down by the 
erosion of two valleys, the heads of which adjoin on opposite sides of a 
ridge. Each valley is cut backward until the intervening ridge is at that 
placetmuch lowered or even demolished. Most passes no doubt lie in ori- 
ginal but subsequently deepened depressions between adjoining mountains. 
The continued degi-adation of a crest may obviously give rise to a pass. 

Lakes have been formed in four several ways.^ 1. By subterranean 
movements, as, for example, in mountain - making and in volcanic 
•explosions. The subsidence of the central part of a mountain system 
may depress the heads of the valleys below the level of portions 
farther from the sources of the stream. Or the elevation of the lower 
parts of the valleys may CiUise an accumulation of water in their upper parts. 
We have seen how seriously the uplift in Scandinavia and in Canada and 
the northern United States is affecting the drainage in those regions (pp. 
381, 387). Or a lake-basin may bo due to a special subsidence. 2. By 
irregularities in the deposition of superficial accumulations prior to the eleva- 
tion of the land, or, in the northern ptxrts of Europe and America, during 
the disappeamnee of the ice-sheet. The numerous tarns and lakes enclosed 
within mounds and ridges of drift-clay and gravel are examples. 3. By 
the accumulation of a barrier across the channel of a stream and the con- 
sequent ponding back of the water. This may bo done, for instance, by 
a landslip, by a lavjx-stroam, by the advance of a glacier across a valley, 
or by the throwing up of a l)ar by the sea across the mouth of a river. 
4, By erosion. Water keeping stones in gyration can dig out pot-holes 
in the bed of a river or on the sea-shore. Unequal subaorial weathering 
may cause rocks to rot much more deeply in some places than in others, 
so that, on the removal of the rotted material, the surface of the solid 
rock might be full of depressions. But the only known agent capable of 
•excavating such hollows as might form rock-basin lakes is glacier-ice 

^ For the literature counectod with lakoH sue the various puhlicatious cited imict p. 618. 
Tlie niqit complete account of the lahcH of any coiiutry is to be found in the admirable 
monograph of M. Delehecque, ‘ Lus Lacs Franyais,* while the most detailed treatise on any 
single lake is the great work of Prof. Forel, *Lo Lonian : Mouographio liinnologuiue,’ of 
which the first part of the third volume, devoted to the biology of the lake, has appeared as 
these pages are passing through the press. 
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(p. 552 ). It is a remarkable fact, of which the significance may now be 
seen, that the innumerable lake-basins of the northern hemisphere lie, for 
the most part, on surfaces of intensely ice-worn rock. The strite can be 



seen on the smoothed rock-surfaces slipping into the water on all sides. 
These striae were produced by ice moving over the rock. If Che ice 
could, as the striae prove, descend into the rock-basins and mount up the 
farther side, smoothing and striating the rock as it went, it could, to a 
certain depth at least, erode basins. 
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To what cause any particular lake basin is to be ascribed must be 
determined in each case by an examination of its local evidence. 
Obviously in some regions all the four modes of origin may have been at 
work. A lofty mountiiin-chain, if still subject to underground movements, 
might sink in its central axis or have a sul)sidiary uplift along its borders, 
with the result of ponding back the drainage of the valleys and giving 
rise to a series of lakes. At the same time, its glaciers might be scoiu‘ing 
out rock-basins on the floors of the valleys, which might eventually be filled 
with water and form lakes, or the moraines might be so iiregularly 
thrown down as to enclose tarns between their mounds and ridges ; or 
lastly, avalanches sweeping down detritus from the higher slopes might 
dam up the drainage of some valleys and thus give rise to lakes. 

In any case it is obvious that as detritus is continually being washed 
or blown into these sheets of water, our present lakes cannot be of any 
great geological antiquity. "Wq see, indeed, all over the northern pai*t of 
Europe and North America, that numerous as the lakes still are, they 
fornf only a small proportion of those that came into existence after the 
Ice Age, for innumerable examples may be observed of alluvial plains and 
peat-bogs which mark where lakes onco existed. And everywhere we 
may trace how those which still remain are being filled up by the creep- 
ing of marshy vegetation into their waters, by the influence of rain and 
wind in removing into them the fine particles of the soil from their 
surrounding slopes, and by the growth of the deltas of the streams that 
flow into them. 

In the general subaorial denudation of a country, innumerable minor 
features are worked out as the structure of the rocks controls the opera- 
tions of the eroding agents. Thus, among undisturbed or gently inclined 
strata, a hard bed resting upon others of a softer kind is apt to form 
along its outcrop a line of clifl* or escarpment, as in the “mesas” and 
“buttes” of the western United Skites (Figs. 124, 507). Though a long 
range of such cliffs resembles a coast that has been worn by the sea, it may 
be entirely due to mere atmospheric wiiste. Again, the more resisting 
portions of a rock may bo seen projecting as crags or knolls. An 
igneous mass will stand out as a bold hill from amidst the more decom- 
posable strata through which it has risen (Fig. 324). These features, 
often so marked on the lower grounds, attoin their most conspicuous 
development among the higher and barer parts of the mountains, where 
subaerial disintegration is most rapid. The torrents tear out deep 
gullies from the sides of the declivities. Oorries or cirques, if not 
originally scooped out by converging streamlets (their mode of formation 
is a somewhat difficult problem), are at least enlarged by this action, and 
their naked precipices are kept bare and steep by the wedging off of 
successive slices of rock along linos of joint. Harder bands of rock 
project as massive ribs upon the slopes (Fig. 338), shoot up into 
prominent peaks, or, with the combined influence of joints and faults, 
give to the summits the notched saw-like outlines they so often present. 

The materials worn from the surface of the higher are spread 
out over the lower grounds. We have traced how streams at once 
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begin to drop their freight of sediment when, by the lessening of their 
declivity, their carrying power is diminished (p. 504). The great 
plains of the earth’s surface ai-e due to this consequent deposit of gravel, 
sand, and loam. They are thus monuments at once of the destructive 
and reproductive processes which have been in progress unceasingly since 
the first land rose above the sea and the first shower of rain fell. Every 
pebble and particle of the soil of the plains, once a portion of the distant 
mountains, ks travelled slowly and fitfully downward. Again and again 
have these materials been shifted, ever moving seaward. For centuries, 
perhaps, they have taken their share in the fertility of the plains and 
have ministered to the nurtme of flower and tree, of the bird of the air, 
the beast of the field, and of man himself. But their destiny is still the 
great ocean. In that bourne alone can they find undisturbed repose, and 
there, slowly accumulating in massive beds, they will remain until, in 
the course of ages, renewed upheaval shall raise them into future land, 
and thereby enable them once more to pass through a similar cycle of 
change. ^ 
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AUo^^ 1249 

Allrn'isma, 1066, 1078, 1088 
Allomurm^ 1210 
Allotriomorphic, 89 
Alloys, natural, in meteorites, 17 
Alluvial fans, 505* 

Alluvial series of deposits, 1300 
Alluvium, 440, 504 
Aluoite, 238 

Almis, 1164, 1252, 1270. 1276, 1277* 

Alps, upheaval of, possibly connected with . 
volcanic eruptions in Europe, 368 ; diroe- 
tiou of plication in, 394 ; (‘omprossion of 
rocks of, 422, 678 ; glaciers of, 53S*, 
539*, 542, 548, 549* ; thickuess of coral- 
reefs in, 623 ; inversion of rocks in, 676* ; 
thnist-plones in, 677*, 693* ; flin-sliaped 
structure in, 678*, 1371 ; regional meta- 
morphism in, 800 

pre-Cambrian rocks of, 900 ; Silurian, 

976 ; Devonian, 994 ; Carboniferous, 801, 
1055 ; Permian, 1076; Trias, 1098 ; Jur- 
assic, 1155; Oi-etacoous, 1204; Eocene, 
1239, 1240 ; Oligoooiie, 1258 ; final aiplift 
of, 1261 ; Miocene, 1270 ; Pliocene, 1290 ; 
glaciation of, 1302, 1307, 1313, 1322, 
1337 ; interglacial <leposits in, 1338 ; type 
of mountain-structure in, 1371 ; literature 
of the structure of, 1371 ; geological history 
of, 1373, 1379 

Alsace-Lorraine, geological maps of, 9 
Also^hilai 1235 

Alteration of rocks by meteoric water, 156 ; 

by subterranean water, 473 
Alum at volcanic vents, 26i) 

Alum Bay, leaf-beds of, 1229, 1232 
Alum-slate, 171, 935 

Alumina, iwoportion of, in earth's crust, 87 ; 

in sandstones and shales, 109 
Aluminium, proportion of, in outer part of 
earth, 83, 84 ; combinations of, 84, 95 ; 
dissolves carbon and yields with^ water 
marsh-gas, 270 
Aheolaria, 1288 
Alveolina^ 1166, 1232 
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Alveolites, 937, 948, 984 

ATivcathem, 1119, 1133, 1135*, 1136, 1182 

Amaltheus margaritatus, Zone of, 1133 

Amazon River, 492, 507, 577, 588 

Amber, 185, 830, 1257 

Amber-beds of Konigsberg, 1257 

Amheiieya, 1117, 1216 

AvihlotJierimih, 1128 

Amllyctomis, 1229 

AwUyptei'^iis, 1068 

AmbocodUt, 986 

A'ini)onycMa, 933, 948*, 962* 

Ambrym, volcanic eruption of 308, 335 
America, North, area, mean height, and 
highest elevation of, 49 ; proportion of 
coast-line of, 54 ; extinct volcanoes of, 
278, 281 ; fissure eruptions in, 344 ; 

372, 376 ; deformation of 
1 n, ; variation in level of old 
lake terraces in, 385 ; variations of 
temperature in Western, 434 ; adobe 
deposits of, 439, 440 ; landslips in, 481 ; 
rivers of, 484, 486, 492, 495, 50^ 503, 
50-^ alluvial fans of, 505 ; river-terraces 
of, 507, 1345; lagoons and bars of, 513*; 
great lakes of, 519, 523* ; salt and bitter 
lakes of; 526*, 531 ; glaciers of, 537, 540 
■ pro - Cambrian rocks of, 902 ; pre- | 
PaliEozoic land of, 908 J Cambrian fauna 
in, 910 j Cambrian system in, 929 ; 
Silurian in, 977 ; Devonian, 997 ; Old 
Red Sandstone, 1013 ; Carboniferous, 
1061 ; Permian, 1080 ; Trias, 1109 ; 
Jurassic, 1159 ; Cretaceous, 1210 ; Eocene, 
1223, 1241 ; Oligocene, 1249, 1260 ; po- 
graphical changes in, during Miocene time, 
1261 ; Miocene deposits in, 1261, 1265, 
1272 ; Pliocene, 1298 ; glaciation of, 1802, 
1305, 1307, 1308, 1340 ; loess of, 1351 ; 
post-glacial or recent deposits in, 1361 ; 
general character of geological structure 
and history of, 1374 ; great volcanic 
activity towanls the end of this history, 
1374 

America, South, area, mean height, and highest 
elevation of, 49 ; ju’oportioii of coast-line 
of, 54 ; volcanoes of, 264, 268, 270, 277, 
284, 285, 292, 312, 342, 347; earth- 
quakes iu, 865, 366, 368, 370, 875, 376 ; 
uprise of coast of, 382, 886 ; glaciers of, 
540 

— Cambrian system in, 932 ; Silurian, 
978 ; Carboniferous, 1063; Jurassic, 
1159 ; Cretaceous, 1217 ; Eocene, 1244 ; 
Miocene, 1273 ; supposed former connec- 
tion of, with Australasia, 1273 : fauna in 
Pampas loams of, 1862 
Amiopda, 1173 
Ammodismis, 1166 

Ammonia, carbonate of, possibly concerned 
in tilt elimination of carbonate of lime by 
marine organisms, 613 
Ammonia-nitrate in atmosphere, 449 . 

Ammonoids (Ammonites), as* characteristic 

VOL. II 


fossils, 837 ,* early appearance of, 986 ; 
maximum development of, 1083, 1088 ; 
tigures of, 1023*, 1087*, 1134*, 1136* 
1186*, 1138*, 1143*, 1170*, 1171*; 
latest divergent types of^ 1171, 1172 ; 
extinction ot; 1222 
Amawsaunis, 1089 
Amnigenia, 998, 1003 
A'nwshoe&ms, 1145 
Amm)\\iiiti, 1223 

Amorphous rock-structure, defined, 89 
Amphibia, fossil, 987, 1033, 1068, 1089 
Amphibole, 101, 109 
Am phibole-oli vine-rock, 241 
\ 101, 252, 259, 429 

A... ...r. i ;i) 

125-1 

Ampiucyon, 1227, 1234, 1249, 1259, 1267, 
1272, 1273, 1297 
Ainphidroimts, 1250 
Am.pkigf'niff, 986 
_ I iiipii 1128 

A iii/tJiiim'i'y.r. 1234 

Aiii^/liiiin, 928, 952 
A wph i pf^rntherinm. 1254 
AmphipoiK, fossil, 941 
Amphipmi, 994 
Aviphinpongia, 937 
Amjth 1269 

- 1 Uiphi id vs, 1 128 
Amphitherium, 1128 
AmpKitmgvhfs, 1227, 1254 
Amplexopora, 989 
AmplemSi 1021 
AmpuUaria, 1297 
Ampidliyia, 1238, 1257 
Ampyx, 941* 

Amstelian, 1289 
Amusituu, 1232 

Amygdales, 91, 99, 104, 134*, 286, 306*, 
760 

Amygdaloid, 91, 134* 

Anvygd-alus, 1223 
AithyiUHlniL, 1243, 1265 
Anaijacia, 1114 
AnaJbaia, 979 
A nachdrurm, 922 
ATiadara, 1290 

Analcite (Aualdme), 104, 234, 238 ; as a 
constituent of basalt, etc., 104, 238, 240 ; 
os a product of contact metamorphism, 
773 

Analcite-basalt, 104, 238, 240 
Analcite-diabase, 234 

Analysis of rocks, mechanical, 114 ; chemi- 
cal, 116 
Anamesite, 234 
Atianchytes, 1167*, 1168 
Atw.ptommph'ns, 1229, 1248 
Awjurcestes, 986 
Atuis, 1254 
Anatose, 85 
ATiMihelites, 1107" 

Amvtoviites, 1107 

2 z 
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Anchilophm^ 1284, 1251 
- 1 )/r7/ ij)2iOt7nif. 1228 
AnchippvSj 1249, 1273 
A7iclLiscmriis, 1089 

Anck'Uh(y)'in7}it 1227, 1249, 1263, 1273 
Anchor-ice, 189, 533, 664 
Anchvra, 1216 

A'iicilla, 1237, 1250, 1263, 1267 
A^icyloceraSi 1143, 1171* 

Ancylotherivm, 1278, 1295 
Ancyhis^ 1333 
Ancylus-sea or group, 1333 
Andalnsite, 103 ; in metamorpliisin, 428, 
773, 779, 782 
Andalusite-schist, 782, 797 
Andes, 264, 268, 270, 277, 284, 292, 293, 
296, 812, 322, 323, 326, 329, 331, 347 
Andesine, 99 

Andesite, 219, 226 350 ; forms pla- 

teaux, 763 

Andesite Family, 228 
Andromedija, 1211, 1252, 1257 
Aneimit^s^ 1002 
A^melinai 922 

^ 1216 

: >'’• !■ 1163, 1206 

Angoumien, 1196, 1200 
Anhydrite, 85, 107, 189, 194 ; expausiou of, 
on conversion into gypsum, 400, 463 ; 
artificially formed, 414 ; deposits of, 1064, 
1071, 1072, 1096, 1294 
Animals, distribution of, as bearing on up- 
heaval and subsidence, 390 ; transport of, 
by wind, 445 ; transport of, on river 
rafts, 492 ; destructive action of, 600 ; 
protective action of, 604 ; formations due 
to, 612, 624 ; preservation of remains of, 
825 ; geological bearings of the geographi- 
cal distribution of, 839, 849 ; earliest 
known forms of, 877, 904, 910, 931 ; 
domesticated, introduced by man into 
Europe, 1356 
Animikie Series, 904 
Anisian Stage, 1106 
Anisoceras, 1172 
Anisotropic bodies, 125 
An'mts, 1238 

Annelids, triturating action of, 602 ; pro- 
tective influence of some, 604 ; paleonto- 
logical value of, 832 ; jaws of, 913, 942 ; 
fossil, 913*, 939, 1022 
Anmila/ricti 1002, 1027* 

Anodmta^ 998, 1003 

ArndmatopsiSi 979 

Anolcites, 1107 

AiimmhcTiTvtis^ 988 

Anmiia, 1185, 1237, 1263, 1269, 1292 

Anomite, 101 

Awmicsochis, 1192 

Ancntiocaref 915 

Anomodonts, 1069, 1080, 1089, 1090, 1122 
Anoiiiopt&ns, 1085 
Anomommites, 1086, 1158, 1208 .ij 
Anoplia^ 986 


A.:.' • 1088 

986 

Anofittithcnifni^ 1227, 1234, 1249 
. I A-n ?/.9. 915 
Aiionl.iu-, 9'.' 

Anorthociase, 221 
AnwiJiojyyg^ts^ 1168, 1200 
Anorthose, 98 
Anorthosite, 282, 903 
Anostmiopaisj 1202 
Ant-eaters, fossil, 1273 
Antarctic regions, volcanoes in, 347 ; ice-cap 
and glaciers of, 535, 536, 587, 646*, 
665*, possible former insular connection 
in, between Old and New Worlds, 1273, 
1365 

Antelopes, ancestral forms of, 1227 ; advent 
of living genus of, 1263 ; fossil, 1278, 
1291, 1294, 1295 
Ant1wdi>n^ 1090 

101 ; as a inetamorpluc 

iiiiuerai, 7 74 

Aiithraeite, 184, 185 ; artincial production 
of, 427 ; formed in the contact?^iueta- 
morphisin of coal, 771 
Anthmomiyci^ 1023, 1031, 1078 
Anthrmo2>tm', 1031 
Anthracoaiaf 1023, 1031, 1073 
-:i 1 033 

ATtthMooUwmmif 1249, 1267, 1294 
Avtln'ttpfdi7 nu')}, 1023*, 1031 
Amici 'iic'i, 07." ; inllucuce of, on scenery, 
1368 

Anticlinoria, 678 
Antigorito, 106 
Antilles, Judies, West 
AiitUope, 1291, 1297, 1352 
AnfijHvurti^ 940 

Ants, geological action of, 628 ; fossil, 1248 
Anversian Htage, 1267, 1289 
.1 .// .'.V .. 1006 

A-.-ii-:-. 107, 117, 180 ; artificial formation 
■ . 'O'.*. 114 
ApatocepJuihvs^ 922 
xipatomia^ 1179 
xipatoaaanta^ 1126 

Apennlno chain, inetijinorphism of Secondary 
and Tertiai’y rocks in, 80*1, 1106, 1157 ; 
Trias of, 1105; Jurassic, 1166, 1167; 
Cretaceous, 1206 ; Eocene, 1238 ; Oligo- 
cene, 1269; Miocene, 1271; 1‘Uoceue, 
1291 

Apes, early foms of, 1229, 1264, 1271, 1278 
Aphanitc, 217, 22 J- 
Aphanitic sLructun*, 129 

Aphi'hifiHf 1266, 1299 

940 

x\phyllites, 986 
xipiorrhiva^ 1114, 1142 

Ajihw'jfsfUva^ 938 

Aplite, 205*, 217 

Apocrenic acid, 598 

ApophylUte, 104 

Apophyses of eruptive rooks 741. 
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Ajiorlivolil-o. *215 

il70, 1230, 1256, 1277 
iiiaii coal-tield, structurti of, 676* 

.1.0 1115 

\i- 1185, 1186, 1196, 1198, 1203, 

1205, 1206, 1207 
964 

Aptychus-beds, 1156 
A2n(s, 1333 

Aqueous Sedimentary Bocks, 159 
Aquia Creek f ^ • j •. 1 2 ' 2 
Aquitaiiiau :*J.;'. 1252, 1253, 1254, 

1258, 1259 

Aquo-igueoiis fusion, 412 

Aracliiiids,' fossil, 943, 963* 1003, 1032* 
1257 

Amch iLophyUmn, 937 

Aragonite, 106 ; less durable than calclto, 
106, 156, 177, 613, 830, 831 ; as a con- 
stituent of invertebrate skeletons, 155, 
177, 613, 830 
Aral,^eu of, 41, 42, 527 
AmUa, 1165, 1230, 1252 
Aralo-Caspiaii ih-pivs'.i'ui. 41, 42, 49, 185, 
318, 319, 1 13, ,V27, 5*29, 630 
Arapahoe Group, 1244 
Ararat, Mount, 275, 323 ; fulgurites on, 433 
1246 

• AmiccarUeSi 1085, 1140 
A mitmrioxyloUf 1002, 1043, 1066, 1085 
Arbroath Flags, 1008 

Area, 1139, 1186, 1232, 1263, 1263, 1282, 
1831 

Area-Clay (Christiania), 1333 
Arawtes, 1058, 1089 

Archttiau, use of term, 861, 867 ; discassion 
as to origin of rocks called, 864, 870 
Arclitvdiwif^, 1020 
Arclutiiiras, 1273 
ArcfuaociUaris, 1021 
ArduvoerlniM, 938 
Arc/fn‘oryrt2hit.% 912 

Arehu*oli)gy and Geology, relative limits of, 
1367 

Areliwopieris, 984, 1002, 1012, 1039 
Ardmoptcryx^ 1127*, 1155 
I rcJiH 'oplilitN, 1032 
-'1 rdui meyph 911 
AToh(0ositmite8, 1033 
Archanoiitm^ 1008 
- 1 rrhrtjomin'u^y 1068 

ArehUUHDvm^ 943, 1003, 1010 
Archimdes, 1022, 1062 
- 1 rrh I iiiyhfr.i'iitf 1038 
ArdiM^iSi 1032 

Arctic Fresh -water Bed (Pleistocene of 
Norfolk), 1280, 1288 

Arctic regions, proofs of former wariii climate 
in, 24. 1108, 1129, 1159, 1209, 1271; 
‘former southwanl extension of ocean in, 
42 ; volcano in, 347 ; jjroofa of upheaval 
in, 887 ; .Old Red Sandstone in, 1012; 
Carbonili>rous rocks in, 1056 ; Permian 


in, 1081 ; Trias otj 1108 ; Jurassic, 
1158, 1159 ; Cretaceous, 1208 ; Miocene, 
1271 ; possible former land connection in, 
between the Old and New Worlds, 1365 
Ardocep/uiliiSj 1246 
Arctocyoji, 1226, 1234 
Arctomys, 1836, 1352 
Anlea^ 1254 

AreyiicolUes, 913*, 924, 939 
Arenig group, 945, 952 
Aretliimm^ 972 
Arfvedsonite, 101 
ATgiikii 1254 

Argentina, geological map of, 11 
Arges^ 985 

Argillaceous, defined, 137 ; deposits, 167 
Argillite, 172, 247 
Aryillochdys^ 1231 
ArgillomiSf 1226 

Argon in atinoenlicre. 36 ; in mineral springs, 
471 

Argovian Substage, 1149 
Argyrosaurus^ 1218 

Aridity in relation to the disintegration of 
rocks, 436 
Ariegites, 241, 243 
Arktites, 1119, 1133, 1134* 1136 
ArLetitea obtusus, Zone of, 1138 

Turneri, Zone of; 1138 

Armidlua^ 914 
Ariatoeystites, 938 
1226, 1298 
Arkose, 166 
Armadillos, fossil, 1273 
Armorican chain of plication, 394 
ATwioceras, 1133 

Avuusian Stage (Pliocene), 1278, 1290, {1293 

Aroids, fossil, 1224 

Arpad.Ues, 1089 

ArteMOy 1028 

Artesian wells, 467* 

Arthrophyem^ 936 

ArthTopitxia^ 1035, 1065 

Arilwoatujym^ 1002, 1014 

Arthrostylm, 939 

Artinskiau (Permian), 1069, 1077 j 

ArundOf 1165 

Arvicola, 1285, 1336, 1362 

“Arvonian,” 896 

Aaaphelvia^ 922 

xUapliellus^ 922 

Asaphidte appear in Cambrian strata, 923 
AsaphuSf 988, 940, 941* 

Asbestos, 113 

Ascension Island, 275, 347 
Ascoceras, 940 
Ash, oldest species of, 1204 
Ash, volcanic, 173, 273 ] 

Ashdown Sand, 1184 

Asia, area, mean height and greatest eleva- 
tion of, 49 ; proportion of coast- line of, 
54 ; active volcanoes in, 348 ; transport 
of dust by wind in, 437, 439, 440 ; deserts 
i of, 448 ; diminished rainfall in, 528 
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Asia, pre-Cauibrian rocks iu, 906 ; Silurian 
in, 979 ; Devonian, 996 ; Carboniferous, 
1057 ; Permian, 1078 ; Trias, 1107 ; Jur- 
assic, 1167, 1169 ; Cretaceous, 1209 ; 
Eocene, 1239 ; Oligocene and Miocene, 
1272 

Asilus, 1133 

.1 ■' '/ :y. 987 

A 9o7 
Aftjl>i(lniin, 1209 

Aspidoceras, 1119, 1142, 1144, 1145 
Aspidoceras perarmatuin, Zone of, 1142, 1144 
Aapidorhymhus, 1143, 1218 
_l OS 1 

- 1 iV/w, 100') 

1158, 1166, 1224 

Assise, definition of a polteoutologicul, 860 
Astarte, 1078, 1116, 1119*, 1187, 1230, 
1256, 1272, 1277, 1285* 1331 
Astartian (Kimeridgian), 1146, 1149, 1153 
AateracamthuSf 1142 
A8terol>l€istu8, 938 

Aaterocalcmitcs, 937, 984, 1002, 1012, 1028, 
1030, 1034 
Astei'ocenis^ 1133 
Asterochlai^ia^ 1066 
Aateroidea (star-ttslies) fossil, 939 
Asterokiria^ 1005 

AstcrophyUUes^ 1027*, 1028, 1065 
Admplax, 1013 
Astemtew^ 988 
Adhenoduiii 1169 

Astian Stage, 1278, 1290, 1291, 1292 
Astieria^ 1183 
Ajstoria Shales, 1272 
Astroionm'pJm^ 1086 
AstTiieosponyia^ 937 
AstroctenMy 1114 
Astrocoiiia, 937 
Aatrodon, 1210 

Astronomy, relation of, to Geology, 1, 4, 13 
Astropectm, 1139 
Adylcifihiniiftttj 937 

Ata\-';e!,, llU 

Atberfield Clay, 1185, 1186 
Atfiyris, 986, 1022, 1066, 1096 
Atlantic Ocean, characters of, 38 ; variations 
in sea -level of 43 ; submarine eruption 
in, 334, volcanoes of, 340, 347 ; luto of 
advance of tidal wave in, 677 ; tempera- 
ture-distribution in, 658 ; height of waves 
in, 661 ; depth of wave-action in, 662 ; 
climate affected by, 666 ; ocean currents 
in, 677 ; proofs of upheaval in, 622 ; area 
of foraminiferal ooze iu, 624 ; huliea- | 
tions of uprise of floor of, 1302 ; origin of 
basin of, 1867 
Atlantosaurm, 1126 
Atlautosaurus Beds, 1159 
Atmosphere, currents of, affected l>y terres- 
trial rotation, 22 ; height of, 84 ; pressure 
of, 35, 44, 723 ; original constitution of, 

35 ; supposed former greater amoutit of 


carbonic acid iu, 36, 1019 ; composition 
of, 36 ; water-vapour in, 37, 447 ; con- 
nection of varying pressure of, with vol- 
canic <'ru]dion<!. 2S1 ; disturbance of, by 
\olc;uiii- c\|ilo--iiii of Krakatoa, 2ill ; 
lr:\u>p«»r; n! \nir:in:i- dust by, 293, 295; 
geological action of, 431 ; cause of move- 
ments of, 431 

Atmospberic pressure, 431 ; alVeeis voleiuiic 
activity, 281 ; affects water-level, 446 ; 
affects springs, 467 

Atolls, 616*, 618*, 619 ; ju’obably biuso<l on 
volcanic peaks, 336 
AtractiteSy 10S8 
Atryp(U 940, 948*, 986 
Atiu'ut, 1260, 1270 
AuroMu^ 1066,1116, 1169 
- 1 Kc/iVHfjUipis, 942 
Augciigiieiss, 257, 682 

Augito, 102, 146; arlilicial in'otluelion of, 
403, 413 ; conversion of, into hornblende, 
424 ; as a coiitae.t-mineral, 773 
Augite- andesite, 229 ; artificial pro<^ietion 
of, 404 

porphyry, 233 

- rock, 232, 251 

sciiist, 251 

Angitgnuiulite, 25H 

Augitite, 240 ; artificially formed, 406 
Auk, bones of Great, in sluill-moumls, 1360’ 
AnhciHicmSi 108S 

Au/awpft'rh, 1019, 1036 
A 937 

I A iUophylhim^ 1021 
I Aidoptmt^ 984, 1021 
106() 

I A'urinUUy 1215 
I AnnnUi^ 1277, 1286* 

Australiii, geological maps of, 11 ; area, mean 
height, and higluwt elevation of, 4‘9 ; pro- 
portion of cottst-Huu of, 54 ; (Jreat liarritT 
reef of, 61 6 ; uprims of <,iiu*ensluud eoast 
of, 622 

pre-Uambriuu r«K'.ks of, 907 ; (’ambrian, 

933; Wilurian, 979; Devonian, 9i)9 ; 
Gurbonifertms, 1058 ; Permian, 1079 ; 
Triiis, 1108; JuniHsi<s 1161 ; < V<‘ta<‘eotis, 
1218; Eoeene, 1244; Oligocene, 1260; 
suppose<l former »'ounectiou of, with 
Kouth Amerh'a, 1273 ; Mioeene deposits 
in, 1274 ; ifiiocem^ 1299 ; Pleistsume, 
1346 

Austria, geolngieal maps of, 9 ; earthquakes 
in, 359 ; ivgumal metaiiMinihiMu In, 801, 
«0-l, 805 

in’e-Oambriun rocks in, 901 ; ('am >rian, 

929 ; Hlluriau, 973, 976 ; Devonian, 993, 
994 ; (Jarbonil’erous, 1055 ; Permian, 1076 ; 
Trias, 1099 ; Jurnssio, 1155; (Jretaeeous, 
1205; Eocene, 1239 ; Miocene^ 1268 ; 
Pliocene, 1293; glaciation iu, 1338 
Ausweichungsnlivago, 681 
Anthigeuic, 90 
Anloclastic, 683 
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Aiitoiiiorpliic, 89, 151 
Autunian (Permian), 1069 
Auvergne, literature of volcanic geology of, 
280 ; peperiteof, 176, 761, 1254; volcanic 
phenomena of, 268 ; old fumnrolea of, 
269 ; no historic eruptions in, 278, 280 ; 
successive eruptions of, 281 ; breached 
cones of, 297 ; lava -dammed lakes of, 
308 ; freshness of some lavas in, 310 ; 
trachyte -pays of, 323, 329, 330, 842, 
761 ; crater-lakes of, 325 ; tuff cones or 
puys of, 327* ; hydrocarbons associated 
with ])operite8 in, 357 ; Oligocene lakes 
of, 1264 ; volcanic action begun in Oligo- 
cene time in, 1254 ; former glaciers in, 
1308, 1336 
Avalanches, 493, 534 
Avdlautt^ 1170 

Avimfa, 986, 1078, 1088, 1095*, 1116, 
1231, 1282 

Avicula-contorta-zone, 842, 1094, 1096, 
1101, 1106 

Avicrntpedciii 969, 986, 1021*, 1022, 1078 
Aximta, 1266 
Axiolitic, 132 

Aymestry Limestone, 953, 960 
Azo-humio jicid, 598, 599 
Azoic rocks, 861, 867 
, Azores, 334, 341, 347 

Babylon, growtli of dust and soil at, 438 
“ Biwks ” or strike-joints, 660 
Bjwjteria, liberation of sulphur by, 579 ; 
nitrilioation by, 699 ; in the prodxxction of 
l)eat, &c., 006 

986, 1103 

BticuiUi'-it, 1170* ; extinction of, 1222 
Ba<l Lands, 464*, 465 
BatUollfeSf 1089 
Baiptriuit, 1298 
Baggy (Iroup, 989 
Bagshot Reries, 1229, 1232 
Bakm, 1065, 1086, 1112, 1166 
Jiairdm, 941, 985, 1023, 1031, 1185 
Bfljocian Group, 1131, 1139, 1160 
Bujiuvarian Rerioa, 1106 
Bahamas, oaoliau rooks of, 161 ; recent up- 
rise of, 381 

Bahnmia, 1066, 1067* 

Bala Group, 945, 947 
Bah^'-noptero, 1261 
BitlanophyUuu 1257 
Balamis, 1250 
Balaton Lake, 518 
Balatonian Group, 1106 
Balato7t'fteft, 1097 

Baltic Sea, variations in level of, 43, 377, 
380 ; lagoons of, 613 ; Cambrian rocks 
arouiul, 924 ; Silurian system in basin of, 
966 f Pleistocene history of, 1332 
Baltimorlte, 106 
BmnJ)anagUeSf 1107 
Bamboo, fossil, 1276 
Bauakite, 228, 236 


Banded stmcture, 131, 232, 246, 266, 711, 
788, 869, 884 
Banhkct^ 1262 
Bannisdale Flags, 964 
Baptanodon^ 1126 
Baptanodon Beds, 1159 
BaptosauruSj 1215 

Barbados, geological map of, 11 ; upraised 
coral - reefs of, 382 ; upraised modern 
limestone in, 613, 622 
Bm-batia-j 1831 
Barbel, fossil, 1287 

Barium, proportion of in outer part of 
earth, 83 ; combinations of, 86, 107 
Barnacles, protective influence of, 604 
Barometer, indications of atmospheric con- 
ditions given by, 431, 432 
Barraitdeocrimis, 968 
liarrandiaf 946, 946 
Barremien, 1197 
Barren Island, 336 
Barrier Reefs, 616, 618* 

Barroisiaj 1166 

Bars along coast-lines, 55 ; of rivers, 510 
Barton Clay (Bortouian), 1229, 1233, 1234, 
1240’ 

Barytes, 107, 166, 814 
Bas^t, native iron in, 93 ; gradation of, into 
obsidian, 187 ; gases in, 142 ; decomposi- 
tion of, into wacke, 168 ; and allied rocks 
described, 231 ; cliaracters of, 234* ; 
varieties of, 235 ; analyses of, 239 ; beat 
evolved by, in crushing, 401 ; artificial 
production of, 404, 406, 406 ; weathering 
of, 456 ; number of ouljic feet of, to one 
ton in air and in sea- water, 568 ; inter- 
calated sheets of, 766, 761, 763 ; persist- 
ence of streams of, 763 ; os a constituent 
of volcanic plateaux, 763 ; contact meta- 
inorphism by, 769, 770, 772 ; alteration 
of by contact with coal, 776 
Basalt-glass, 236, 770 

Basaltic structure. See Columnar structure 
Basanite, 237 

Basic igneous rocks, caustic influence of, 
776 

Bastite, 102, 105 

Bath, annual discharge of mineral matter by 
warm springs at, 477 

Bnthonian Group, 1131, 1140, 1160, 1168, 
1160, 1161 
Bath-stone, 1140 
BcUhyopsiSf 1243 
Bathyopsis Beds, 1243 
Bathyimt^Sj 933, 978 
Batillaria, 1238, 1250 
BatocrimiSt 1022 
Batolitea, 1169* 

Bats, early forms of, 1227, 1234, 1237, 1254 
Bauxite, 84, 169, 186 

Bavaria, geological maps of, 9 ; pre-Cam- 
brian rooks of, 901 ; Triassic, 1098 ; 
Jurassic, 1166 ; Cretaceous, 1205 ; Eocene, 
1239 ; glaciation of, 1338 
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BavarUlct, 922 
BayanicLi 1238, 1258 
Bays, 66 

Beach, nature and origin of a, 883, 657* ; 
deposits of, 680 

Beaches, Eaised, 29, 883*, 1325*, 1331, 
1345 ; abundant in higher latitudes, 384* ; 
formed during pauses in the eniergeuce of 
land, 1324 
Beaniaf 1112 

Bear Island, Old Bed Sandstone in, 1012 
Bears, fossil, 1264, 1278, 1287, 1365, 1356 
Beaufort Beds (South Africa), 1080 
Beaver, geological influence of, 601 ; fossil, 
1249, 1264, 1263, 1271, 1278, 1287, 1356 
Bed, definition of, 635, 860 
Bedded structure, 136 
Bedding, forma of, 634 
Beds or Assise, 860 
Beech, fossil, 1165, 1210, 1224, 1287 
Bda, 1286 

Bdemnitella, 1172*, 1173 
Belemnitella mucronata, Zone of, 1132, 1193, 
1201 

BdemniteSi 1120, 1137, 1173 
Belemnites brunsvicensis, Zone of, 1182, 1184 

jaculum, Zone of, 1182, 1183, 1184 

lateralis. Zone of, 1182, 1183, 1184 

minimus, Zone of, 1182, 1184 

Bdeimwcrinua^ 1022 

Belemnoids, development of, in Meso74ojc 
time, 1083, 1088, 1118 ; declined in 
Cretaceous time, 1118 ; stratigraphical 
value of, 1119 ; disappcaiiince of, 1171, 
1222 

BdminoUvihis^ 1173 

Belgium, geological maps of, 9 ; whet-slates 
of, 171 ; traces of subsidcuce and re- 
elevation of coast of, 608 ; great over- 
thrust fault in, 693, 1870 ; mctamorjdiisiu 
of the Ardennes in, 799 ; C'aiuhriaii 
system in, 927 ; Silurian, 971 ; Devonian, 
991 ; Carboniferous, 1051 ; Cretaceous, 
1195 ; Eocene, 1284 ; Oligoceue, 1266 ; 
Miocene, 1267 ; Pliocene, 1288 ; Pleisto- 
cene, 1337 

Bdimrus, 1012, 1024 
BeUeropJmi, 914*, 939* 940, 986, 1023, 
1076 

Bdlia, 1297 

Belly River Series, 1217 
Bdodo7ij 1090 
Bdoceras, 986 
Belonites, 148 
Belo7iorhynehiiSi 1109 
Belowstonimt 1218 
Bdoptera, 1231 
Bdonepia^ 1226 
BdotmrnU, 1118 
Belvedere-Schotter, 1294 
Bembridge Beds, 1250 
Bemckeia, 1097 

Bengal, volcanoes of Bay of, 386 
BeuTiettUes^ 1185 


Benthos, 827 
Benton Group, 1216 
Bcremcea-i 1115, 1168 
Berg, sands of, 1256 
Bering Sea, submarine eruption in, 333 
Bei*mudas, leolian rocks of, 161, 443, 609, 
614 ; recent subsidence of, 444 ; wind- 
bomc fauna au<l llora of, 445 ; red eiirlli 
of, 458 ; mangrove jungles of, 609 
Bernissartian, 1198 
Ben(\i/ni(t.f 936 

Beryddje, early forms of, 1173 
Berytu psis, 1173 
Bdtont/ia^ 1245 

Beiuht, 1257, 1263, 1288, 1304*, 1315 
Bei/rir7d(t, 923, 940, 941, 9S5, 1006, 1023, 
1031 

Biaucoue, 1156 
BilUntjM fhf^ 915 
Biotite, 101 

Biotite-olivinc-rock, 241 
Birch, Arctic, iis evnlence of cold climate, 
1288 

Birch, fossil, 1271, 1276, 1287 
Birds, supposed earliest forms of, 10‘,)0 ; 
oldest known, 1127*; (hetiweons, 1175, 
1177*, 1178* 1208; Tertiary, 1226, 1218, 
1254, 1287, 1295 
“Birikalk” of Norway, 900 
BtrAvnhf, 942 
Birkhill Bhales, 965 
Bmn, 1287, 1297, 1358 
Bison, geological action of, 604 ; ibssil 
1273, 1287 

Bithinut, 1202, 1253, 1287, 1333 
nmijindh, 1287 
Bitter spar, 107 
Bitter waters, 472 
Biithm, 1272 
Bituminous odour, 140 
Black IV4 a lint of rocks, 139 
Blackbaud iroiistoms 1 87 
Blackdown Beds, 1189 
Blackheath Bods, 1229, 1230 
Black Bea, large proportion of Mili)huretied 
hydrogen in wate.r of, 47, «i2.s ; ilelta of 
Danube in, 51(5, 517 ; tides in, 556 
Blanco Stage (Pliocene), 1299 
1141 

Blastoids Its e.barac.tenstic fossils, 837 ; primi- 
tive forms of, 938 ; increast* of in Devonian 
tlnus 984 ; maximum <levoloptuent of, 
1021 ; oxtincll«»n of, 1082 
Bhathm, 1073, 1133, 1273 
Bleai'liing in contact molamorpbism, 768 
Blocks, erratic. *S!(V Erratic Blocks 
ni.ieks, volcanic, 172, 275, 754, 755* 
Blood-rain, 4 4 4 

Blown sand, varieties of, 161, origin of, 440 
Blow-pipe ttwts for minerals, 118 ' 

Blue, 08 a colour of rotsks, 139 
Blue muds of sea-bottom, 582, 601 
Boar, Wild, fossil, 1237, 1272, 1287, 1296 
1356 
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Boghead, 184, 1018, 1026, 1075 
Bog-ivoii-orc, 96, 187, 194, 612, 812 
Boguor Bodfl, 1229, 1231 
Bogoslof, a submarine volcano, 338 
Bogs, 606 

r. ■' *■ ■ I. ’• ■! :■■■■' of, 9 ; pre-Cambrian 

■i-v- i"'' ; ( .r. riau, 928; Bilnrian, 

973 ; Devonian, 993 ; Carboniferous, 1055 ; 
Bermian, 1068, 1074 
Bohnerz, 187, 194 
Bojan gueias, 901 
Bol<lerian Stage, 1267, 1289 
Boifia, 979 
Bofodnih^ 1128 
Bombs, volcanic, 172, 274 
Bone-beds, 181, 627, 1039, 1094, 1095 
Bone-caves, formation of, 478 ; preservation 
of animal remains in, 827. See aUo undfr 
Kissnres 

Bononiaii, 1148, 1149, 1157 

Jiouclui'mst 1273 

Boo]|jL Olay of, 12,5,5 

Boracic aehl at fiiniarolea, 269, 314 

Horax lakes, 525 

Boirinhmt 1217 

lUurfia^ 1240 

Bores, tidal, 557 

Boricky’s motbod of rock analysis, 118 
Ikniia, 1036 
Borolanito, 222, 223 

Boron at voloaule vents, 269, 314 ; as a 
mineralising agent, 415, 809 ; in brine- 
spring, 472 

1299 

llorhcale, 93 

//()«, 1293, 1297, 1338, 135vS 
!hmUq)h\iS, 1297 
Bosnia, geological maps of, 9 
Bosnian Croup, 1100 

Bosses, structure and origin of, 722 ; of 
granite, 723 ; of other roclts than granite, 

730 ; elTects of, on contiguous rocks, 730, 
767; iuiluence of contiguous rocks on, 
731 ; connection of, with volcanic action, 

731 j association of, witb crystalline schists, 
731 

Bostonite, 219, 220 

Bothnia, Gulf of, change of level in, 377, 
880, 887 ; glaciation of, 1882 
Jiotliriocitlaria, 989 

998, 1006 
Jiotliriu^ondyhts, 1146 
JioUmdw/kvn, 991, 1002, 1028 
BothrolabiSf 1273 
Bottom-ice, 189 
JioUcmwrus, 1217 

Boulder -beds,- 118^ 249, 260, 891, 1057, 
1058, 1069, 1079, 1289 
Boulder-clay, 169, 547, 556, 1809, 1381 ; 

roefs contorted under, 548, 669, 1809 
Boulders in Carboniferous system, 1016 ; in 
Chalk, 1163 ; in Eocene, 1289 
Boixrbon, Isle of, 297, 823, 336, 339 
Bowrg'iietia, 1136 


BourgmticHiuiSf 1168 
Bournemoutb, leaf-beds of, 1229, 1232 
Bovey Tracey, lignites of, 1229, 1233, 
1251 

Bowen Formation (Queensland), 1068 
Bowlingite, 105 
“Box-stones” (Pliocene), 1281 
Bracheux, Sables de, 1235 
Braebiopoda, evolution o:^ 847 ; earliest 
forms of, 914*, 915 ; maximum develop- 
ment of, 939, 985 ; waning of, 1022, 1088, 
1115 

Bmchi/meto2yuSf 1023 
Jirachymylua^ 1144 
BmcJq/02Hii 1079 

Bmchyphyllmi^ 1059, 1086, 1133 
Bracklesham Beds, 1229, 1232 
Bratlford Clay, 1188, 1140, 1142 
Brahmanian Stage, 1106 
Bmimth-eriuw^ 1278 
BmnAihwsaurm^ 1068 
BrancocarcLa^ 986 
Brandsebiofer, 184 
Brauns’ solution, 115 

Brazil, depth of weathered rock in, 458 ; 
of ants in, 628 
j 567 

Breaks in the succession of organic remains, 
842, 857 

Breccia, 113, 163, 173, 627 ; osseous, 181, 
627, 1094, 1237, 1266 
Brecoiated structure, 136 
Breytila^ 1272 
Brick-clay, 168 

Brick -earth, 161, 460; as a Palceolithic 
deposit, 1350 
Bridger Group, 1243 
Brienz, Lake of, 610 
Brine springs, 451, 472 
“ Briovorian System ” (pre-Cambrian), 901 
Brm&piiiemtes^ 1208 
1269 

Britain, geological maps of, 8 ; Carbonifer- 
ous volcanic history of, 174, 176, 276, 
281, 292, 327, 348, 765*-758, 763, 1040, 
1041, 1043, 1046 ; pitchstones of, 149, 
216 ; trachytes and phonolites of, 226, 
848 ; andesites of, 230, 34B ; basalts ojE; 
236 ; foliated serpentine of, 242 ; Per- 
mian volcanic history of, 276, 276, 279, 
281, 292, 848, 751, 761, 1070 ; Tertiary 
volcanic history of, 281, 345, 348, 351, 
1262 ; fall of volcanic dust on, from Ice- 
land, 296 ; granophyre domes of, 329, 
351 ; basalt-plateaux of, 346, 348, 861 ; 
pre-Cambrian volcaaxic action in, 848, 891 ; 
system of dykes in, 346, 886, 1262 ; earth- 
quakes in, 369, 363, 364, 371 ; raised 
beaches of, 385, 612, 1324, 1826* 1331 ; 
submerged forests of, 889 ; Qords oi; 891 ; 
subsidence of. coal -fields in, 399 ; sand- 
dunes of, 442 ; landslips of, 480 ; river 
action in, 488, 484, 486, 487, 489, 490, 
493, 507 ; lowering of surface of by chemi- 
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cal solution, 489 ; river terraces iu, 607, 
1358 ; lagoon l)arriers in, 513 ; tempera- 
ture-observations iu lakes of, 520 ; tides 
in, 668 ; height of waves in, 561 ; measure- 
ments of force of waves in, 561 ; breaker 
action on coasts of, 667, 669, 670*-574 ; 
discoloration of sea around, after rain, 577 ; 
estimated rainfall and annual denudation 
of, 691 ; submarine platform of, 596* ; 
peat-mosses of, 607*, 608* ; isoclinal fold- 
ing in, 676* ; overthmst faults in, 691, 
692, 793*, 892* ; petrograpliical volcanic 
province in, 707 ; sequence of petroginphi- 
cal types in, 709 ; granite bosses of, 726*, 
780* 778 ; ^ 729 ; sills of, 

733*, 735*, '.37 j v-iupJve veins in, 738*; 
dykes in, 743-747 ; volcanic necks in, 
749*, 761*; occurrence of “ white- trap *’ 
in, 775 ; contact n.ciaii'orjilii-in iu, 768, 
769, 770, 772, 77:{, 775, 778 ; regional 
ri, 792 ; age of youngest 
!I'j' .-Nof, 797 ; latest plication 

i 11 797, 952; mining dis- 

tricts of, 816 ; history of tiie present 
fauna and flora of, 840 
Britain, pre-Gambrian rocks of, 882 ; Cam- 
brian series in, 910 ; Silurian, 942, 945 ; 
Devonian, 988 ; CarbonifeinuH, 1038 ; Per- 
mian, 1069 ; Trios, 1090, 1091 ; Jurassic, 
1131 ; Cretaceous, 1180 ; Eocetie, 1229 ; 
Oligocene, 1249 ; volcanic plateau of Ter- 
tiary age, 1252 ; no Miocene deposits 
known in, 1266 ; Pliocene, 1280 ; great 
uplift of south of, since Pliocene Utuo, 
1282 ; glaciation of, 1302, 1306- 1307, 
1321, 1328 ; Recent or post-glacial series 
in, 1358 

Brockrara, 1070, 1092 
Brodia, 1032 

Bromine at volcanic vents, 269 
Brousil Grey Shales, 923 
Brontem, 962, 974, 983* 985 
B-r f . .. 1219 

Ilr ■ w 1125 

Bronze section of Prehistoric Period, 1317 

Bronzite, 102 

Brookite, 85 

Brooks and Rivers, 481 

Bi'oolssella, 912 

Brown as a colour of rocks, 139 
Brown coal, 182 

Brown Coal (Oligocene), 1256, 1257 
Bruxellian, 1284, 1237 
Bryograptus, 923, 949 
Bryozoa. Bee Polyzoa 
Bry^im, 1315 ; as a former of calc-sinter, 
611 

BulOf 1254 
Bucapra^ 1297 
BuccinqfiLsua, 1285 

Bticcinwn^ 1187, 1263, 126?, 1277, 1333 
Buchicems^ 1213 
Buchites, 1089 

Buckthorn, fossil, 1165, 1276 


Buhrstone, 166 

Building-stones, works on, 7 ; weathering 
of, 454 

B'tflimma^ 1166 

Btflimits, 1202, 1238, 1297, 1352 
BiniioittuSn 955 
Buinvlunts^ 1249 
Biiinluorschiefer, 802, 1099, 1373 
]Unwiin'i'y.i\ 1213 

Bunler (Trios), 1091, 1092, 1097, 1102 
Btfpivutis^ 1141 
BitprcHtiioft, 1133 

Burdigalian Stiigi*, 1267, 1270, 1271 

Burlington Group, 1061, 1062 

Burriini formation (Queensland), 1161 

Buttercup, fossil, 1276 

Buttes, 437, 465, 1387 

Bysmctf nth utt, 0 S7 

Byfhonfjn'ia^ 1 031 

Bythojxnv^ 939 

Bythot rcph is\ 936, 984 

Ciwlns, fossil, 1224 

Caddis-wovin, fossil, 825 ; Uniostoiies formed 
by, 1254 

1143 

(Jmimii'llit, 1116* 1136 
Vnti mrothvn nm^ 1 21 9 
Caen Stone, 1 1 50 
<n 1227, 1234 

tJivnoffnrluin, 1234, 1251, 12<;8 
Otrsnlptnif^ 123)2 

Caller oat in Pula'olithio Ihm*, 3353 
CaillassoM (Moivia*), 1236 
Oainozoio or Tertiary, 861, 1219 

1004, 1012, 1019, 1026, 106,0, 
3085, 1303 
CUtlnmithin^ 1065 
iUtfamot'lininn^ 1002, 1028 
(MiViiHh'ntirnn, 1019, 1028, 1065, 3075 
t\thimt»tnn^ 3243 
(^tfhunn/thy/lhr, 1 086 
(hhimnpiti/a, 1028 
(^(fhfmiis/nt’hyfi, 1028 

9;»7 

(\t!nthunn^ 920 

(’alaveras sktdl, disrussioii regarding, 1361 
Caleain^ Grossier, 123t> 

1 - 2 ::‘; 

' ■, 137 

rocks of organie. origin, 176, 605. 613, 

612-624 

( 'ahsnreous ( 4 rit, J 1 3 1 , 1112 
tft(/rarhnu 3166 
Onlmnirtirna, 938, 984 
thfMtf, 984, 985* 

Caleite, 91, 99, 106 ; more tlurable than 
aragonite, 106, 155, 177, 613 ; ready 
cleavage of, lit}; eoiieretlomiry fornm of, 
135 ; as a i)etrifylng agent. 474, 8:71 ; as 
a constituent of iiiverOd irate skidctous, 
830. /S&’r utuo nntifr Calciiim-cariionate. 
Cnlelferous (troup, 978 
Caleiferous yandstoiie Series, 1042 
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CaUMum, proportion of, in outer part of 
earth, 83 ; combinations of, 85 
Calcium-carbonate in sea-water, 46 ; wide 
(lifliision of, 86 ; mineral forms of, 106 ; 
detection of, in rocks, 117 ; cycle of trans- 
poi*t of, 156 ; infiltrated into calcareous 
rocks imparts to them a crystalliue struc- 
ture, 156, 176, 178, 188, 444, 474, 476 ; 
deposits of, 176, 190, 446 ; abundantly 
infiltrated into rocks, 4iiS ; decomposing 
inttueuce of, 470 ; solubility of, 471 ; as 
a petrifying medium, 474 ; wide difl'usion 
of, among rocks, as a proof of alteration, 
474 ; in spring waters, 470, 471 ; in 
rivers, 488, 489 ; precipitation of, in salt 
lakes, 530, 53i : 

sea, 579 ; '.1 plants, 605, 

'iT* ; of, hy animals, 612; 

fVoni the gypsum of sea- 
water, 613 ; in mineral veins, 814 
Calcium - pbtKphatc, 86, 107, 177, 188, 
6*2)i^ a30 

Calcium-sulphate iii sea-water, 46 ; iu the 
earth’s crust, 86 ; alteration of, to native 
sulphur, 92 ; mineral forms of, 107 ; in 
river water, 488 ; promotes precipitation 
of mud, 402. also Auhy<lrite (f/ul 
Gy]tsuin 

Calcium -sulphide, 93, 451 

Calcination in contact ' ct*” 770 

Calc-sinter, 101, 476, <;! 

Calderas, 290, 324, 326, 335 
Caledonian direction of plication in Europe, 
304 

(hUiJi'nna^ 1168 
(hHhdoma^ 1*277 

1035, 1080 
aamplerlft, 1065 
ditUUm, 12*23, 1253 
< ktHofjmihm, 088 

dano(/r(i})lu^y 977 
CiiUtypimt, 939 
( tafhpHMoifHs, 1043 

Callovian, 1142, 1140, 1153, 1156, 1157, 
1158, 1100 

Ca/ntTmSi 1133, 1134* 

Caloncras raricostatum, Zone of, 1133 
Oaloosalmtchio Group, 1298 
937 

OaJj/wme, 941* 958, 985 
(Hij/'mmutoUt-ecaj 1026* 

955 

(hlf/jttrwot 1231 
(JaviaropJkoriaf 986, 1066 
Oamminpira, 986 
Oamurotccchia, 956, 991 
Cambrian systetn, history of name of, 862, 
909, 916 ; phosphatio nodules in, 180 ; 
glauconitic deposits in, 181 ; volcanic 
phofomeua of, 813, 348, 761, 910, 916 
927 ; 8tratigrai)hical relations of, to pre- 
Cambrian rocks, 793*, 862 ; general 
characters of, 908 ; rocks of, 909 ; fossils 
of, 910 ; threefold subdivision of, 915 ; 


in Britain, 793*, 883, 916 ; in Scandi- 
navia and basin of Baltic, 924 ; in France 
and Belgium, 927 ; in Spain and Portugal, 

928 ; in Bohemia, 928 ; in Poland, etc., 

929 ; in North America, 929 ; iu South 
America, 93*2 ; in China, 932 ; iu India, 
933 ; in Australasia, 933 

Cambridge Greensand, 1176, 1182, 1188 
Camelidffi, evolution of the, 847 
Oamdopardalia, 1296, 1297 
Camels, fossU, 1249, 1273, 1317 
Oamelvs^ 1297 
Campagna, Eoman, 1292 
Campanien, 1196, 1201 
Campanih, 1226* 

Campinian Sands, 1337 
Camplmim^ 1179 
Camptouite, 224, 225 
(Jam2>foptcfrhi 1098 
. ..-.VI 

r.-.u.i o.ii ■ ; naps of, 10; deforma- 
■■ •- in, 381, 887 ; rivers of, 

498 ; great lakes of, 519, 523* ; iVozen lakes 
and rivers of, 532, 533 ; pre-Cainbiian 
rocks of, 868, 876, 879, 90*2, 930; 
Silurian, 977 ; Devonian, 997 ; Old Red 
Sandstone, 1013 ; Carboniferous, 1061 ; 
Ti*ins, 1109 ; Cretaceous, 1210, 1216 ; 
Oligocene, 1260 ; glaciation of, 1302, 
1307, 1340, 1844 
Canary Islands, 326, 341, 347 
(JaiuidlaHa, 1226, 1248, 1263 
Caned lophydis, 1151 
Cancrinite, 221 
(Jaiumarf.es, 1299 
(Jaiiis, 1287, 1297, 1336 
Cannel (Parrot) coal, 184 
Cannon-shot gravel, 1823 
Cafioiis, 504, 1382*, 1883, Fi*ontispiece* 
Capo Colony, ])re- Cambrian rocks in, 905 ; 
Carboniferous, 1056 ; Permian, 1079 ; 
Trias, 1109 

Cape Fnirweatber Beds, 1274 
Capercailzie, bones of, in shell mounds, 
1360 

Capo Verde Islands, 341, 347 
(^/pifosinints^ 1097 
(Htpra, 1297 
(\tpmihrsj 1293, 1358 
(^aiirimu 1170, 1212 
Capri fill Ilf, 1170 
(Mprufiufi, 1170 
Ca^ntlas, 986 
Caradoc Group, 945, 947 
Carbides, possible sources of hydrocarbons 
and of graphite in earth’s crust, 86, 270, 
318, 879 ; i)ossible connection of, with 
some voh‘!’.nir ri'enoTneun. 270, 357 
Carbon, outer i)art of 

earth, .''3: • v . \ element of or- 

ganic life, 86 combinations of, 86 *, un- 
coTiibinetl, or native, in rocks, 91 
Carbon-monoxide in rook.s, 86, 142 
CttrlX)nacoouR, detlned, 137 ; deposits, 181 
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Carbonas (mining term), 819 
Carbonates, 106, 117, 158 ; alkaline, de- 
composing power of, 414, 470, 599 ; for- 
mation of, by rain, 452 ; by underground 
water, 473 ; by the sea, 566 ; by organic 
aoids, 599 

Carbon-dioxide (carbonic acid), in the atmo- 
sphere, 36, 449, 1019 ; in sea- water, 46 ; 
composition of, 86 ; solubility of, 86, 449 ; 
in rocks, 86, 106, 142, 143 ; at volcanic 
vents, 268, 313, 314, 357, 469 ; at mud 
volcanoes, 318 ; in coal-mines, 427 ; in 
rain, 449, 450 ; solvent power of, 451 ; in 
soil, 460, 469 ; removal of, from atmo- 
sphere by plants, 597 ; geological action 
of, possibly often initiated by organic 
acids, 598 ; supposed former greater 
amount of, in atmosphere, 35, 1019 ; varia- 
tions in amount of atmospheric, invoked 
to explain changes of climate, 1327 
Carhonia^ 1031 

r^arhnnMa. 1023, 1031, 1077 
t'lU'biniirLroii*' Limestone, conditions of de- 
posit of, 652, 657 ; volcanic zones in, 
755 : fossils of, 1025 ; description of, 
1039 * 

Carboniferous Slate, 1046 
Carboniferous System, volcanic phenomena 
in, 848, 766*-758, 763, 1015, 1040, 1041, 
1043, 1045, 1046, 1047, 1058, 1061 ; re- 
appearance of organisms from lower hori- 
zons in, 856 ; detailed account of, 1014 ; 
rocks forming, 1014 ; two i»liaaes of sedi- 
mentation in, 1014 ; origin of coal of, 
1017 ; marine fauna of, 1020 ; flora of, 
1025 ; supposed proofs of glaciation in, 
1050, 1057, 105!* ; in 3Suroj)e, 1037, 
1051 ; in Britain, 1038 ; in Africa, 1056 ; 
in Asia, 1057 ; in Australasia, 1 058 
Cardianas, 1298 

Careliarodo)ij 1242, 1256, 1269, 1289 
Cardiaster, 1168 

Cardiaster fossarius, Zone of, 1182, 1189 
CardiniOf 1116 
Qai’diocarpns, 1028, 1031* 

CardioceraSf 1119, 1142, 1145 
Oordioceras olternans, Zone of, 1145 

cordatum, Zone of, 1142 

Oardwdotij 1142 
Oanlida, 947, 962*, 986 
CardiopteriSf 1012, 1036 
Cardita, 1088, 1237, 1257, 1263, 1264*, 
12/ 7 

Oardiitm, 1088, 1116, 1169, 1225*, 1248, 
1263, 1277, 1331 
Carentonien, 1196, 1200 
Cariuthian Stage (Trias), 1101, 1103, 1106 
Gariocaris, 949 
Camallite, 108, 190, 1074 
Carnivora, evolution of the, 848 ; fossil 
forms of, 1226, 1227, 1249, 1254, 1265, 
1278, 1278, 1297, 1299, 1816, 1317, 1863 
1268 

tv. 7 1028, 1075 


Carps, fossil, 1258 

Carstone (C’l’etaceous), 1182, 1184, 1189 
Caryotrinifs^ 938 
Oa/ryomayion^ 937 
CaryophylHa^ 1167, 1257 
937 

Caspian Sea, originally a part of the ocean, 
41, 42 ; average depth of, 49 ; oil sjjrings 
of, 185, 319 ; mud volcanoes of, 31.S ; 
hand dunes of, 443 ; account of, 527 ; 
salts in water of, 520 
Oasitifi, 1165, 1232 

Cassian Beds (Trias), 1101, 1102, 1103, 
1106 

CcmiaiicUa, 1088 

Oassitfarut^ 1231, 1252, 1271, 12S3 
1231, 1263, 1283 
Omtanea, 1257, 1292 
Gastocnnus^ 938 
Castor, 1287 
Cat, fossil, 1263, 1278 
Cataclastk; stnutture, 135, 421 
CatathhruH, 1243 
GntopyyiUi^ 1189 
Oatskifl Kaiidstoiie, 997 
Gaiurm, 1122, 1147 
QauUiiifes, 1165 

CaiUojitcns, 997, 1026, 1061), 1085 
Caiistic action of igneous rocks, 710, 7»31, 
775 

Cave-bear, 1355, 1358 

Cave-men (Paheolithic), proliable life of, 
1355 ; carvings and IVescoes by, 1355 
Cavoruons strueture, 133 
Caverns, earllnjiiakes cjuised by eollapw^ of 
roofs of, 369, 479 ; evidence of upheaval 
from sca-\vr)rn, 383 ; fonnation of, in <'ul- 
careouH rocks by solutioii, 477* ; preser- 
vation of annual remains in, ,827 ; con- 
taining Palait)litliic <U>posits, 1350 ; with 
Neolithic remains, 1358, 1359 
Cavities, li<pu<l and gtw-tilled, in (‘rysUds, 
142, 410 

(Jehodumts, 1234, 1255 
Clelcstino, 86 
Gdlaria, 1168 
(Uhpmt, 1246, 1274 
Cellnlur structure, 183 
Cellulose., 830 
t\'Unvs, 1089 

Cementing matiirialfl of sodimentiiry rocks, 
160, 164, 416 
Cenumt-stone, 191 

Cement-stone Group (S<Jotlan<l), 1042 
OenomanhHi, 1182, 1189, 1194, 1196, 1209, 
1203, 1206, 1207 
986 

Gntirn/idfa, 986 

Oephala^m, 942, 1004*, 1005 

(tephalUeH, 1167 

(VphuUufuh*, 1254 

Ctphatoorapius, 968 

Cephalonin, “ sea-nnllH ” of, 354 

Cephalopo<la, palceontological value of, 887 
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1088, 1118 ; evolution of the, 846 ; 
earliest foms of, 914*, 916 ; contrast 
between Palffiozoic anti Mesozoic, 1082 ; 
reached their climax in Triassic time, 1 088 ; 
began to wane in Jurassic time, 1118 ; 
Cretaceous types of, 1171 
Oeplhcdiitlm'o^ 1012 
Ci I'ttiiit’fini'Jhi. 9o9 

< 1‘2'2. 940, 941, 958*, 1024 
Cmtifra, 1087* 

Ceratitoids, characteristic of the early 
Mesozoic ages, 1083 
1273 

Ctra/ojm^ 1176 
Ceratops Beds, 1244 
CJerat,opycje^ 922 

Ceraiopyge Liincstono, 968, 969 
VeratuduHf 1005, 1089, 1041 
(Jcratmmirm^ 1126 
Ceriopord, 1115, 1189 
Centhhnn, 1117, 1170, 1225*. 1248, 1263, 
1300 

Oeritiihnn Stage (Vienna basin), 1268 
Cemnyttn 1140 

C/tvvv/.v, 1268, 1285, 1297, 1365 
Cetacea, fossil, 1261 
Cciitmifrus, 1125, 1145 
Cliabasitu, 104 
auvtete^, 1021 
(‘lialmloiiy, 89, 831 

1249, 1265, 1297 

(.lialk, 1, 170; phn^plintic, 187, 627; 
ahsorhout power of. 110: alteration of, 
into marble, 722 ; composition and origin 
of, 1162 

Chalk, divisions of the, 1182, 1189 
Chalk Marl, 1182, 1190 
Chalk llock, 1192 
Chalybeate springs, 471, 476 
Clsalyhib*. 107 

12-6, 1283 
(JhdmvGyj^HtH<s^ 1236 
C/nhiiti rti/tSj 1231 
Cliamphiiii pcriiiil. 1319, 1344 
f *Ji 'f ill //.vf ^.^v/ /I rus, 1217 

i*hniiifurni('i'a^ 1206 

Vlumt, 524, 525, 606, 611, 1186, 1236, 
1247*, 1270 

Chari Group (India), 1160 

Oharmouthian Stage, 1151, 1152 

Ohumnopa {Phacoys), 967 

Chattahoochee Beds, 1272 

CJhozy Limestone, 978 

01iB!i/rcmnthm^ 1005 

CJm'wdv^t, 1081*, 1082 

(yheirol^s (conifer), 1110, 1140 

Qhnroypis (fish), 1005 

OlhGirosawn^a^ 1089 

Oifimotherium, 1089 

Ohn^miSf 922, 940, 941, 985 

(Jhelleau Series, 1349 

aid07ie, 1147, 1173, 1207, 1287 

Oholonia, appeared in Mesozoic time, 1122 

OMydta, 1254 


Chemical analysis of rocks, 116 ; synthesis, 
119 ; action, rise of temperature from, 
400 

Ohmmiti.kLt 1103 
Chemung Group, 997 
Cliert 180, 195, 625, 831, 1015, 1041 
Chesapeake Beds, 1272 
Chester Group, 1061, 1062 
Chestnut, fossil, 1224, 1294 
Chevrotaius, fossil, 1249 
Chiastolite, 108, 428, 779 
Cliiastolite-slate or schist, 248, 779, 780 
Chicago, future submergence of, 387 
Chick weed, fossil, 1276 
Chidra Group (India), 1079 
Chilled edges of intrusive rocks, 728, 732, 
735, 739, 745, 747 
Chimm'ct^ 1255 
Chimseroids, foasil, 9§8, 990 
Chimborazo, 324, 329 

China, geological map of part of, 10 ; dnst- 
drift of, 439 ; loess of, 439 ; pre-Cambrian 
rocks of, 906 ; pre-Palseozoic erosion in, 
908 ; Cambrian, 932 ; Silurian, 979 ; 
Devonian, 996 ; Carboniferous, 1057 
r'‘'hn "Vv, 1 05 
^ . iL'.ti, 1245, 1299 
Chipola Beds, 1272 
OMrox, 1248 
Chitin, 830 
CJdtm^ 1297 
Oliiamys, 1169 

Chlorides, 108 ; in solution in brine-springs, 
472 

Chlorine, proportion of, in oiiter part of 
earth, 83 ; combinations of, 87, 108 ; at 
volcanic vents, 269, 807 ; influence of, in 
crystallisation of rocks, 407, 416 
Chlorite, 105, 474 
Chlorite-schist, 253 
Ohloritic Marl, 1182, 1188, 1190 
ChloritiaatioD, 791 
Ohloritoid, 105 
OhmnoceraSf 940 
Olwsropotwmfs, 1234, 1251, 1267 
Clu&r(morus, 1234 
Choudres (cosmic dust), 584 
OhrmclriteB, 927. 986, 984, 1268 
Ohoiietes, 939, 986, 1022, 1066 
Olwnctma, 1066 
Ch.onmf,mp1mt, 986 
(JJwrisastrfea, 1141 
Gkoristoceraa, 1089 
Okriac'iis, 1243 
“Christiania period,” 1319 
Christmas Island (Indian Ocean), 386, 888, 
841, 622, 626, 791 
Chromite, 97 

Chromium, proportion of, in outer part of 
earth, 83 ; combinations of, 87 
1298 

r/.,wv.c/. .. 1277, 1280* 1286* 

( 102 
a.!-y.o:i.i; 106, 242 
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Chiiana, 906 

Ciiiaris, 1087, 1103, 1115*, 1168, 1271 
Cimiiiite, 228 
Gmolestes, 1179 

1173 

C r 1141, 1175, 1246 

Cmolodon, 1179 
Qimolomys, 1179 
Cinder Cone, California, 845 
Cinnamoiiuiin^ 1164*, 1230, 1247, 1262*, 
1276, 1292 
Oionodon, 1217 
Cipollino, 192, 251 
Cirques or Corries, 1387 
1262 

Citric acid, use of, in rock examination, 117 

Civet, fossil, 1249 

Cladisdtes, 1089 

Glcidiscits^ 1035 

Cladochomis, 1021 

CladocychiSi 1173 

Oladodus, 1024, 1026 

andopld^hh, 1086, 1112, 1185 

Cf’tifufihtjlflii, 1154 

Cladopora^ 937 

Clado8elach<e, 988 

Cladyodon, 1089 

OlsB^wdoiu, 1243 

Claiborne Beds, 1242 

Claosaimis, 1177 

Olaria^, 1298 

Clastic structure, 136, 160, 164, 155* 

Clastic Bocks, characters of, 113 
Glaihrodhtymij 984 

1085, 1133 

6 '/- ■-38,1293,1362 

Glamlithesj 1225* 

Clay, 98 ; search for fossils in, 853 

;lo 7, 187, 195, 647, 1016 
C V-. : '.7, 169, 247 
Clay-slate, 170, 247, 426; “needles*’ of, 
171, 773, 792 ; metals found in, 809 
Cleavage, Cleaved structure, 134, 170, 417*, 
418*, 420* ; in large masses of rock, 68-1 ; 
relation of, to foliation, 686 
948* 

L'y'. ' !->. 1109 

Ghj^sydrops, 1069 
Glidaden,, 1215 
Cliff-debris, 160, 164 
Glmtirainm.i)w^ 1020 

938, 946, 947 

Climate, affected by the amount of carbon 
dioxide in the air, 36 ; influence of sea on, 
565 ; indicated by fossils, 834, 853, 943, 
944,^ 1019, 1129, 1222, 1276; distribution 
of, in Jurassic time, 1129 ; in Tertiary 
time, 1222, 1232, 1271 ; gnulual rofri- 
geratiou of, in late Tertiary time, 1276, 
1278, 1288, 1293, 1801, 1326 
CUimtkus, 1007 
Clinkstone, 226 
Clinochlore, 105 


Clinochlore-scliist, 253 
Clinometer, 668* 

Clinton Group, 977 
GlUmite^^ 1107 
Glisiophyflian, 1021 
Clitamhonites^ 932, 940 
OhnocruuM, 944 
CUmograjplVH^ 932, 940, 0-19 
Clouds, forniatioii of, 447 
. 1 207 

( ';•■■■ : . -arlv forms of, 1173, 1207 
< \ II I-. 1330 
Glydtm<U(tUnit, lOSS 
124,5, r2(>7 
G/ypev^^ 1115 

C/ynu'n-tn’ds lind f il80 

Glyinvuouu ut U //.s\ 1 OSS 

Coal, characters of, 1S2 ; varieties of, 183* ; 
amilyses of, 181 ; effVets (d‘ d(‘Htvnetivo 
distillation of, :>1S ; not materially affected 
by being depressed SOOO or 10,000 feet, 
399 ; formation of, from vegetable. m!dt.or, 
427 ; number of cubic, feet to a ton »>!*, in 
air and in sea-water, 50S ; channels of 
contemporaneous origin in, 639 ; usually 
aasooiuted with lirecluy or sbub*, 650* ; 

. of, 651 ; joints in, 660 ; 
contact nu‘U'imorpbisni, 
769*, 770; mode of oecurrence of, 1016; 
origin of, 1017, 1018, 1026 
Coal-dust, eileet of pr(*.sNur(‘ cm, 417 
Coul-iueasiires, 1047 c/ .svv/. 

Coal swamp.s, paheontology of llic, 1025 

(Joa.sl lliie.s, 54 

Oobleiizh'U, 992 
1297 

ttoccolite, 102 
(htruslvffs, 9S7, 9SS, lOOl* 

(W/dwdus, 1021 
Goi'hhiconts, 1()S‘) 

Coekroaebes, fossil, 10;»2, J(t33 
Cod, fossil, 12, IS, 12S5 
rWf/sAr, 9S-1, 1022 
1025 

( Jo'lenteruta, relativ** paheontologieal value 
of, 832 

113t» 

(Whdm 1192 

1023 

lUiT 

( lliHt 
(h'htnfit^ 1210 
f.W/Ve.v, 957 

lt3S 

(!tvnof/iyn\ 1096 

Coking of enrbonneeouH substances in c<»nla<'t 
mcUinorpbiKtn, 770 
Gitfndofdrfit 9 1 5 

f.W<Wws, 915 
CJoUoid, S9 

Gdlyritv^, 1115, 1168 
GuMm, 1249 

Colonies, Uarrandw's dotdritm i>f, 975 
Colortulo Formation, 1214 
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Colorado River, slope of, 486 ; gorges of, 
502*, 1386 ; sectious of caftou of, 1882*; 
view of cafiou of, Frontispiece* 

Coloration in coiitact-inetainorpliisni, 768 
Colossocheii/a, 1297 
Ooliinibd, 1254 
ColunMlUt 1284 

Columnar structure, 136, 212, 806, 663, 745, 
751, 758*, 760 
Cnh 937 

Coiiun.i-lie ‘‘L-ries, 1212 
Coinhophyllum^ 984 
Compact texture, 128, 180, 185 
Composition as a basis for the classification 
of igneous rocks, 199 

Compression, effects of, on rocks, 415, 429, 
6S], 685 

C ^214 

‘ ..1126 

Comstock Lode, 811 
Qonacodon^ 1243 
OonchicoliteSy 939 
1011 

Conchoidal fracture, 138 
Concretions and concretionary structure, 91, 
136, 206, 685, 646 
Condrusien, 991 

Cone-iu-cone structure, 421, 648 
Ooneiuaugh Series, 1061 
Cones de dejection, 505* 

Cones, volcanic, 263, 264, 265* 266*, 290*, 
297*, 320* 322, 327*, 330* 831* 833, 
340*, 842* 346; denudation of, 322, 
332, 333, 834, 339 ; growth of sub- 
oceanic, 841 
Conformability, 820* 

Oonfumatrim^ 1154 
CoiLgaria, 1263, 1285* 1293, 1294 
Congeria Stage, 1293, 1294 
Conglomerate, 113, 135, 163; associated 
■with sandstone rather than shale, 650; 
local nature of, 651* ; volcanic, 173, 276 ; 
schistose, 250 ; deformation of pebbles of, 
419 ; pre-Cambrian, 899, 900 
Conglomeratic structure, 135 
Coii.:icu-ii, 1196, 1201 

Conifers, fossil, 1002, 1029, 1066, 1085, 
1086* 1113, 1166, 1228, 1247* 
Coniopteris^ 1112, 1140 
Ooniosanru^i 1176 
Ooniston Grits and Flags, 964 

Limestone, 947, 949, 950 

Omites, 1198 

Conoc-arcUuni, 978, 990, 1021*, 1022 

CmiocepJuilitea, 927 

OonoclypeiiSy 1168 

Oonocoryphe^ 912*, 914, 941 

Conodouts, 913, 942 

Conorbis, 1233 

Oonotj/deSy 1243 

Consmidation, crystals of first and second, 
153, 196 ; of rocks, 416, 417, 617, 624 
ConHtdlariOy 939 
Contact-minerals, 773 


Continents, disposition of, 47 ; antiquity of, 
47, 397, 686, 829, 1366 ; mean height of, 
48 ; origin of, due to continued uplifts 
along lines of weakness in earth’s cinist, 
1366 ; geological evolution ot, 1374 
Contraction of rocks in passing from glass to 
stone, 408 

Otmularioy 914* 940, 1028*, 1117 
Qonnay 1170, 1226*, 1263, 1290 
Convection -currents of water influence tem- 
perature of earth’s crust, 64 
Coombe-rock, 1329 
Coon Butte, 325 

Copper-oxide at volcanic vents, 269 
Copper-chloride at volcanic vents, 307 
Ooprolites, 181, 187, 826 
Coquina, 614 

Corals with calcite or aragonite skeletons, 
613 ; earliest known forms of, 912, 937 ; 
as indicating former conditions of climate, 
943 ; Silurian, 948, 957 ; Devonian, 984, 
997 ; Carboniferous, 1017*, 1021 ; Triassic, 
1086 ; extinction of rugose, 1086 ; develop- 
ment rf -lerfomte. 1086 ; Jurassic, 1114*, 
1133, .'4 .. n [\K 1151, 1166 ; Cretaceous, 
1167 ; Oligocene, 1247 
Coral Rag, 1142, 1144 
Coral-reefs, as evidence of upheaval, 382, 621; 
as evidence of subsidence, 390, 619 ; most 
vigorous where marine currents are most 
marked, 677 ; literature -of, 614 ; condi- 
tions for growth of, 615, 619 ; composi- 
tion of the limestone rock form^ by, 616, 
623 ; oolitic limestone formed on, 617 ; 
Dar-win’s theory o^ 618 ; Atoll, 616*, 
618*, 619 ; Fringing, 618* ; Barrier, 618*, 
619* ; newer views regarding the theory 
of, 619 ; do not ni*ccssarily prove sub- 
sidence, 622 ; fossil, are comparatively 
thin, 623 ; ascertained thickness of recent 
and fossil, 623 ; earliest known, 938 
Coral-rock, 178 

Corallian Formation, 1114, 1131, 1142, 1144, 
1153, 1165, 1156 
OoraUiophaga, 1283 
OomUivAriy 1208 
OoraXy 1192 

CwbwulOy 1161, 1209, 1225*, 1248, 1268, 
1284, 1831 

Oorhula, 1108, 1187, 1226*, 1260, 1269 

OwbvXffnvyOy 1266 

Cw” l.'i'l..!, . ■' Ct'pliii' j.l . .i'l c v’y generalised 

or \y\ r. f-i'i. 3 '.'02. 1028 

Oordaitesy 1002,‘l"019, 1028, 1066 
Cordierite, 103 ; in contact-metamorphism, 
778, 779 

Cordevolian Group, 1106 
Cormorants, fossil, 1254, 1287 
Cornbra^h, 1131, 1137, 1188, 1141, 1142, 
1158 

Cornel, fossil, 1287 
Comiferous limestone; 987, 997 
Comstone, 191 
Comubianite, 778 
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C&ruuIUeSt 939 

C&nius, 1243 

Coroniceras, 1152 

Corries or Cirques, 1387 

Corrosiou-zoiie of crystals in a maj?ma, 141 

Corsite, 133*, 224 

Cortlandtite, 241 

Corundum, 84, 95, 97 ; artificial production 
of; 406, 409, 413, 415 
0-.//'-. ’217. 1252 

^ ■ '■'f. 944 

GoT^ndla, 1086, 1114, 1166 
CoryiwideSf 960 
CoTyjihodm, 1227, 1234, 1243 
Coryphodon Beds, 1243 
Co8ciiwj>ora, 1167 
Coseguina, eruptions of, 293, 295 
Coselsmic lines, 365 
CosituieanViiis, 1005, 1011 
Cosmic dust, 93 ; exceedingly slow accumula- 
tion of, in ocean abysses, 584* 

Co8iiiGcerci8f 1119, 1142 

Cosmoceras oruatum, Zone of, 1142 

Cosmogony and Geology, 13 

Cosmoseris, 1114 

CosoriXj 1273 

Coticule, 172 

Cotoneastert 1223 

Cotopaxi, volcanic phenomena of; 264, 268, 
270, 277, 284, 285, 292, 298, 310, 312, 322 
Cottou-gra«s, fossil, 1276 
“ Country,” “ country-rock,” as mining terms, 

• 812 

Cousei’anite, 104 
Contcbiching Series, 904 
Crag, Bridlington, 1829 

Chillesford, 1280, 1281, 1286 

Coralline (Bryozoan, White, Suffolk), 

1280, 1281, 1283 

Fluvio-marine (ITorwich, Mammalifer- 

ous), 1280, 1281, 1284 
Bed (Butley, Newbonrn, Oakley, Wal- 
ton), 1280, 1281, 1288 

Scrobicularia, 1286 

Weybourn, 1280, 1281, 1286 

Crones, fossil, 1254 
Omoigojpsis, 1024 

Orania, 939, 948* 985, 1022, 1136 
Crannogea or lake dwellings, '1360 
Cmssatella, 1211, 1282, 1261, 1272, 1298 
Orassatdlimf 1215 
CnmUhermiif 1255 
Crater lakes, 824 

Craters, lunar, 82 ; of volcanoes, 264, 297* 
321*, 322, 823* 324, 827* 329*, 880* 
331*, 386*, 887*, 338*, 840*, 342*, 343 
Cray-fish, geological action of, 601 
Oredn&ria, 1164 
Creeks, 55 
Qreniatopt&ris, 1085 
Creuic acid, 598 

Creodonta, or primitive carnivores, 1227, 
1229, 1237, 1248, 1249, 1265, 1274 
CrmavfTus, 1159 


I Ot'epidida, 1298 

J Cretaceous system, nn'tomorphi^m of parts 
j of, 804, 1216; accouui oj, 1161 ; flora of, 
1168 ; fauna of, 1166 ; in Europe, 1180- 
1208 ; in Britain, 1180-1194 ; in Prance 
and Belgium, 1195 ; in Germany, 1202 ; in 
Switzerland and the Alps, 1204 ; in the 
basin of the Mediteiranean, 1206 ; in 
Russia, 1207 ; in Denmark, 1208 ; in 
Scandinavia, 1208 ; in tlie Arctic regions, 
1208 ; in India^ 1209 ; in Japan, 1209 ; 
in North America, 1180, 1210-1217 ; in 
South America, 1217 ; in Australasia, 
1218 ; volcanic rocks in, 1214, 1217 
Ci'icetuiif 1852 
OricoduSi 987 

Grinoids, earliest known, 912, 938 ; cul- 
minated in Palaeozoic time, 912 ; char- 
acters of Palaeozoic, 913, 938, 984 ;*ilesc*' 
zoic diminution of, 1082, 1114 
Crinoidal limestone, 179 
Orwcet'os, 1170*, 1172 
OM)ia, 1168 ^ 

Omtellana, 1138, 1166*, 1242 
Critical point in temperature, 72 ; water 
vapour in lava above, 267, 294 
Croatan Group, 1298 

Crocodiles, fossil, 1089, 1122, 1127, 1137, 
1175, 1231 
Grocodilm^ 1297 
Cromer Forest-bed Group, 1286 
Cronstedtite, 105 

Cron-is 939 

('rofidi‘criiii>8, 944, 957 
Crumpling of rocks, 679* 

Crush-conglomerate or breccia, 164, 250, 683 
Crushing, effects of, on terrestrial crust, 135, 
164, 249, 250, 852 ; metaTnorphism due 
to, 261, 252, 681, 788 ; experiments on 
heat developed by, 352, 400 ; ettbcts of, on 
rocks, 429, 681 

Crust of the earth, no trace of earliest, 14, 
21 ; use of term, 57 ; isogeotherma in, 
61, 62, 393, 395, 396, 399 ; temperature* 
^dieuts in, 62, 412, 1366 ; arguments 
for thinness of, 65, 67, 862 ; estimated at 
1 per cent of the eartli’s Hemi-dinmeter, 
73 ; rv"p"S''"*on of, 81 ; predominant 
miner, U ■>; 0'.*; effects of crushing on, 
352 ; earthquake origins in, 370 ; 
supposed downward or double bulging of, 
in contraction, 1866, 1371 ; ten-estrial 
features due to disturbances of, 1367 
Crustacea, early forms of, 912*, 913 ; con- 
trast between Paheozoic and Mesozoic, 
1119 

Qruzianai 913, 973 
Cryolite, 87, 107, 190 
984 
1186 

Cryptoolastio texture, 135 
Oi^tocmUa^ 1141 
Cryptocrinus, 988 
Cryptocrystalline, 128 
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Oryptodon^ 1299 
Onjptodraco, 1144 
Oi'yptogmptA(s, 947 
Ch'yptomentes, 1140 
Orypiomlla^ 986 
Cryn+onp'’+li’t“. 221 

C-;. .. «■« • ■< coustituents, 141 ; secondary 
. 'i!.: ji *1 1 of, 142, 162, 166 ; negative, 
142, 189, 211 ; of more than one con- 
solidation, 163 

Crystalline, defined, 89, 127 ; structure, 
superinduced by infiltration of calcium 
carbonate, 156, 176, 178, 188, 444, 474, 
475 ; by pressure, 416 

Rocks of aqueous origin, 188 

Schists, 244, 786, 863 ; problem of 

origin and age of, 864 ; obscurity of 
the tectonic structure of, 866 ; no law of 
^inigt^cn.1 sequence yet established in, 866 ; 
difiiculty in forming nomenclature for, 
867 : the +erm pre-Cambrian 

as a .1 ■ ^ n- for, 868 ; lowest 

guei&M-«* a- : .>f, 869 ; no true 

beffding in, 866, 869 ; regarded as parts 
of the original crust of the earth, 864, 
870 ; regarded as the deposit^ of a 
priAieval ocean, 864, 871 ; conMilcved as 
essentially eruptive and intrusive rocks, 
865, 872 ; no stratigraphical sequence 
recognisable among, 875 $ possibly some- 
times connected with volcanic action, 876 
Ciystalline-granular, 128 
Crystallites, 69, 142, 148, 149*, 162, 196 ; 
artificial formation of, 404, 414 ; produced 
in contact-metaraorphism, 770, 772 
Crystallisatiou of eruptive rocks, 716 
CtenamUhus^ 987, ,1026, 1031 
CtenmodoUi 1169 
Ofenisj 1112 
Cfemc&raSt 940 
Otmommcitf 992 
Otenotlonta^ 914*, 940 
CtewHlm, 1024, 1026, 1031, 1073 
OtenophyUmi^ 1086 
Ofmcptychim, 1024, 1031 
Ctmopyge, 923 

Cuba, upraised ooi'al reefs of, 382 
CwyuUma, 986* 986, 1189, 1230, 1274 
OucuUdta, 958 

Culm, 1020, 1034, 1086„ 1089, 1061, 1064, 
1066 

1251 

Oiinninghamites, 1166 
Oupaiiia, 1281 
CupresHnites, 1223 
Cupressmoxylon^ 1252, 1266 
Oupressocrimis, 984 
Oiipressus, 1257 
1282 

Ou/i'CAjdionites^ 1141 
Currei(t-bedding, 686 

Currenta, oceanic, 446, 515, 658, 666, 677| 
Owrtonotus, 986 
Curvature of roc}cs, 672 


Gusjjidaria, 1209 
Custard-apples, fossil, 1251 
“ Cutters *’ or Dip-joints, 660 
Oyathaspia, 942, 959 
Gyatheitcs, 1055 
Gyatimia, 1257 

GyathocHnuSf 948, 957, 989, 991, 1020* 

^ 1 441 

' •‘y. ■ / ■ . 987, 948, 984, 1017* 1021 

949 

Cyhium, 1255 
r. 1118 

^ 1133, 1185 

•im. 1086 

(JycaditeSi 1086, 1133 

Cycads, Mesozoic profusion of, 1086, 1112. 

1113* 

Qycaa, 1166 
Qycloft, 1287 
Cyclocercts, 940 
Oyclogoiathus, 922 
Cydoliieitt 1167 
CydololniSf 1068 
OycloTiema, 940, 947 
Cyclones, geological effects of, 487, 562 
1202 
S 1273 

Uyclopteris, 1010, 1026, 1077, 1085 
Oydostigma^ 937, 991, 1002, 1036 
Cydostonui, 1238, 1253, 1268 
Gylidma, 1261 
Oylicoorunts, 984 
Gyimtochitmii 1066 
GynardtuSy 1278 
OynocephaltiSy 1297 
GynodidiSy 1255 
Oynodotiy 1227, 1284 
Opiiodracoy 1090 
Gt/niWuchvRy 1089 

958* 985 
936 

CyplimwiOy 1168 

Oyprmi^y 1226, 1263, 1282 

Cypress-swamps, 1018 

(JypncarddlUy 986 

CypricardiOy 1136 

OypneardiniOy 990 

GypiiddlinOy 1023 

Cypriden-Schiefer, 989, 991 

Oypridvnay 941, 986 

Oypnnoy 1116, 1187, 1280, 1277, 1331 

Oypris, 1148 

Cyr&nay 1147, 1185, 1226* 1248, 1292 
OyrtendocerobSy 940 
OyrtlOy 940, 986 
CyrtitiOy 990 

(^rtocerasy 915, 947, 974, 986, 1023, 1066 

dyrtodyoiiemoy 994 

Gyrtod&ntOy 940 

Cyi'tograptiiSy 988 

GyrtoUtea, 940 

GyrtoplmriteSy 1104 

Cyrtotkeca, 921 

Cystideaus, as characteristic fossils, 887, 
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913 ; earliest known, 912, 913* ; maximum 
development of, 938 ; diminution of, 984 ; 
extinction of, 1066, 1082 
937, 984, 990 
Vythere, 949, 1023, 1135 
Qytlm'ea, 1226, 1247* 

OytJierella, 941, 1031, 1135 
Cytheridea, 1087, 1141 

Dacite, 228, 231 
DacoaaumSi 1144 
Damjdixim^ 1245 
iXicrytlienum, 1249 
Dactylioceras^ 1133, 1136* 

Dactylioceras annulatum. Zone of, 1133 

commune, Zone of, 1133 

Dactyloidites, 912 
Dadoxyloti, 1002, 1028, 1071 
Dagshai Group, 1241 
Dakota Formation, 1215 
Dalamian Series of Scandinavia, 899 
DidmandlOi 978 
Dalmanites, 976, 985 
Daliiiatiniis, 1102 

Dalradian Series (Scotland), 893 ; oolitic 
limestones in, 192 ; foliated serpentine of, 
242 ; of, 796 

Bamvmi", V'/", i'-'j."., 1246 
Damonia, 1297 
Damourite, 100, 254 
Damuda Group (India), 1068, 1079 
Domeites^ 1166 
1086 

Daniau, 1193, 1196, 1201, 1208 

Danube, River, 485, 494, 496, 517 

BanMtes, 1089 

Daonella, 1088 

Baj^edius, 1089, 1122, 1137 

BapluenoSf 1249 

Ba^kne, 1262 

BajiUiUfijcns. 1257 

Jjnr^telhts, 1076 

Banoinvla, 1087 

Baao-mis^ 1226 

Basycepa^ 1071 

Baayuru&> 1800 

Bavidia^ 922 

Bamoviia, 1068 

Day, former shorter length of the, 22, 30 
Bayia, 960 

Dead Sea, 49, 529, 530 
Decapod Crustacea, earliest forms of, 1087, 
1119 

Deccan Traps, 346, 1209 
Bechenella, 984 
Decomposition of rocks, 156 
Deep River Beds, 1273 
Deep-sea deposits, 583, 623, 624 ; unlike 
the geological formations in the terrestrial 
crust, 586 

Deer, ancestral forms of, 1227 ; fossil, 1270, 
1273, 1278 

Dcfo'T'.n^io** of land by earthquakes, 374 ; 
'•y warping, 380, 381, 386, 387; 


of rocks by pressure, 418 ; iu plication of 
strata, 676, 681, 682* ; in mctninornliism ' 
of rocks, 788 ; of dykes by tlini>u, SiO” 
Beinoceras, 1229, 1243 
Deinocerata, 1229 
Beinodon^ 1217 

Deinosaurs, 1069, 1089, 1107, 1123*, 1124 ; 

extinction of, 1173, 1222 
Deister Sandstone, 1203 
iJejanirci^ 1170 
Delessite, 105, 474 

Behjttdojutiit, 1206 
Bviyhiiiitits 1286 

Deltas, in lakes, 509* ; in the sen, 614* ; 
preservation of plant and animal remains 
iu, 826 

Beltath'BnHm, 1243 
BeltoceraSt 940 
Ddtocyaihm, 1245 
Bendrcrpetmt 1033, 1068 
Dendrites or Dendritic markings, 97, 135, 
648* 

Bendn'ocnnua^ 912, 938 
‘ Bendrodus, 987 
Brndroymptm, 946 
Bi'iuh'opvjiti^ 1033 

Denmark, geological map of, 9 ; Cretaceous 
series of, 1208; glacial phenomena of 
•^■''1332, 1335 ; Hhell-mouiulH of, 1360 
Bentaliiiaf 1133 

BmtaZiujn, 940, 1097, 1186, 1187, 1256, 
1269, 1291 

Denudation, examples of results of, 308, 
313, 322, 832, 333, 334, 839, 340, 345, 
846, 705, 1379 ; catises depression of 
396; alleged to lea<l to 
•‘■..st, 396 ; subnjrial, considered 
os the general lowering of surface of the 
land, 586 ; regarded as the unequal lower- 
ing of land, 591 ; comparative rate of 
marine, 593 ; final result of marine, 594 ; 
proofs of pre-Cambrian, 876 ; has been 
mainly instruineutal in producing the 
detailed contours of the land, 1364 ; 
influence of, in changing the forms of 
volcanic masses, 1376 ; terrestrial features 
due to, 1376 ; fundamental law of, 1377 ; 
conditions required in, 1377 ; influence of 
angle of slope on, 1377 : «■ of 

drainage -lines in, 1378 ; n..; geo- 

logical stnicture in, 1378 
Dehver Group, 1244 

Deoxidation by rain, 451 ; by percolating 
water, 469, 478 ; by organic acids, 598 
Deposition of sediment, causes rise of isogeo- 
therms, 393, 396, 399 ; supposed to lead 
to subsidence, 396 ; the foundation of new 
land, 696; considered with reference to 
stratigraphicol breaks, 857 ; familiar 
aspect of pre-Oambriaii, 876 
Depression. See Subsidence 
Berbyiti, 1059 
Beroc&raa^ 1133^ 1135* 

Deroceras armatum, Zone of, 1183 
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Dohort-poli^li or varnish, 436 

saml-ihiiu!>, of, 441, 443 
Desniooeras, 1187 
Desnioslte, 248, 783 
De Soto Group, 1298 

Betrital rock?, heavy minerals in, 90, 163, 
179, 792, 891, 1284 ; microscopic 

characters of, 150, 164, 156* 

DeiUzitty 1267 
Bevillien,” 927 

Bevitriflcation, 132, 148, 149, 150, 162, 154, 
211, 214, 216, 303, 809, 403, 407 
Bevouiau system, account of, 980 ; rooks of, 
982 ; organic remains of, 984 ; volcanic 
phenomena of, 982, 988, 990, 993, 995, 
999 ; in Britain, 988 ; in Continental 
Europe, 991-996 ; in Asia, 996 ; in North 
America, 997 ; in Australasia, 999 
De , \yjj j£flologioal action of, 460 
Diabase, 233, 239 ; artificially formed, 406 ; 
alteration o^ by contact with coal, 776 ; 
contact-metamorphism by, 783 
J)iabasti-schib!;, 251, 252 
Diaciilscs, 658 
JJiadetognMJuta, 1089 
Diallage, 102 
Dialla^o-olivine-rock, 240 
DiaUoge-rock, 232 

Diamond, in meteorites, 17 ; origin of, in 
rocks, 91 ; artificial formation of, 92, 414 ; 
found in itocoluniite, 249 
BiftnfopoiV', 1115, ll41 
Diftstojwnna, 939 
Diastromo, 634 

Diastroxjhisin, or deformation of earth’s crust, 
392 

Diatom-earth, 179 
Diatom-ooze, 179, 609 
Diatoms, fossil, 1231 
JOibelocloii, 1299 
DkdlograpUis^ 988, 947 
Jiicvritii, 1149 
Jtkvmthi'nunt, 1266, 1273 
IHchfihiuic^ 1227, 1234 
Jbkhoerims, 1022 

1227, 1251 

DiclutgraptiiSt 938, 946 
Dichroism, 126 ; 

Dichroite, 103 ' 

Dickitonia, 1161 
DidotdttSf 1176 
iJiconodim, 1249 

Dicotyledons, fossil, 1164*, 1206, 1211, 
1217, 1228, 1247, 1262* 1263* 1270, 
1277*, 1304*, 1815 
IHorujiograptm, 936*, 938, 947 
JJicroGeTos, 1263 
IHctyodon, 1255 
Dictyog>rapUt8f 911, 988, 946 
Dictyonma, 911, 938 
Dicty9n&imL, 1032 
Dictyophyllwnht 1098, 1112 
Metyoptefris, 1034 
Dictyopygc, 1089 

VOL. II 


iJictyothyris, 1160 
DkiyoxyltMf 1036 

Dicynodont reptiles, 1069, 1078, 1080, 
1089, 1090, 1107 
Diddplwps, 1179 
IHddphys, 1231, 1249 
Didymites, 1089 

Dulyt-iwymptica, 932, 936*, 938, 945 
Didasma, 986, 1021*, 1022, 1071 
Diestian group, 1267, 1282, 1289 
Differentiation in eruptive rocks, 707, 710 ; 

separation of ores by, 808 
BikeJoreph/tHiUf, 912*, 922 
DUiefocephulnUj 912* 

Diliinal series of deposits, 1300 
Dim&rocnnuSt 938 
“Dimetian,” 896 
IHniorphocema^ 1052 
JHmjorphcdoii^ 1123 
iJwimpJwgTaptViS, 964 
Dimya, 1088 

Dinantian (Carboniferous), 1061 
Dinarian Series, 1106 - 
Dinarites^ 1089 
Dingle Beds, 1012 
Dingo, fossil, 1300 
JOiJidhya, 988, 1005 
Dinictis, 1249, 1273 
Dindbdlua, 939 

recent extinction of, 1362 
mnothervrni, 1263, 1265*, 1278, 1291, 
1296, 1297 
DilonUeSs 1107 

BwoniteSf 1110 , 1112 

Diopside, 102 ; artificial production of, 
412 

Diorite, family of, 223, 225 ; weathering of, 
456 ; contact-metamorphism by, 783 
Diorite-porphyry, 224, 226 
Diorite-schist, 252 
DiospyroA, 1231 
Dip-faults, 696 
Dip-joints, 660 
DiphragTfioceraSf 940 
Diphya Limestone (Jurassic), 1166 
Diphyoides Beds, 1156 
T)ipltn'ti iitliiuty 1006 
Diphicodon^ 1243 
Diplacodou Beds, 1243 
Diplocodua, 1126 
Biplocomis, 1249 
Diptocynodon, 1159, 1233 
Diplodua, 1014, 1025 
DiplograpUts, 936*, 988, 947 
Diplati^ysivA^ 1178 
IKplcpora^ 1102 
Diploptencs, 1005 
Diplopus^ 1227, 1234 
IHpUjsciimis, 1127 
Diplospondyhis^ 1068 
Jjiplotheca, 932 

Dipnoi, fossil, 987, 1004*. 1006, 1025 
Dip of strata, 667 ; infiuence of attenuation 
of strata on, 658 ; qufi.-quii-versal, 669, 

3 A 
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671*, 675 ; deceptive appearance ot\ 669 ; 
relation of, to curvature, 673 
Th'r '■V-'?.,;.. 1179 
in). . 1299, 1300, 1362 
1093 

s. 9-7, 998, 1004*, 1005 
I>.p\ 'v. lO-i 
Tl!]jy’-''.-'*lnU. 248 
■■ Dirt-hciU’’ (Jurassic), 833, 1144 
T>l«afr"re'ration as an effect of contact-meta- 
nioiicii'm. 768 

DUcina, 913*, 947, 948*, 989, 1022, 1136, 
1183 

Disciiiocaris, 941 
DiscbiolepiSf 915 
Dkcinopsis, 915 
Diseites, 1023* 

Discoceras, 940 
Discohclix^ 1136 
Jji'scoidea, 1168 
JJiscorbim, 1166 
DissaeitSf 1243 
Disthene, 103 
BUhijrocans, 1024, 1031 
Ditroite, 221, 223 
Ditynqm, 1134, 1286 
DUtimrites, 1107 
' ivesian siibstage, 1150 
Dock, fossil, 1276 
JJocodoii, 1159 

Dog, fossil, 1249 ; domesticated in Neolithic 
time, 1356 

Dogger (Lower Oolites), 1131, 1132, 1140, 
1154 

Dogwood, fossil, 1165 

Dolerite, 231, 232, 233, 239; artificially 
formed, 405 ; weathering of, 456* ; altera- 
tion of, into hornblende-schist, 794 
Dolgc-lly Slate<, 921 

1278, 1291 
Dolichopt&'iis, 942 
DdichosauTus, 1178 
JOdidmoma, 1068 
Dolinas, 477 
Doliuvh 1260 

Dolomite, 107, 193 (origin of), 426, 680, 
1015 ; decomposition of, 452 ; wefithevi*-«g 
of, 456; deposits of, 1064, !■ 72, lOfO, 
1103, 1153 

Dolomitic Conglomerate, 645*, 652*, 1098 
Dolomitisation, 177, 193, 426, 530, 791, 
1041 

Dome volcanoes, 824 
Domite, 226, 761 
Doi'catherimii^ 1272, 1297 
Dordonian, 1202 
Dormouse, fossil, 1284, 1254 
JDorocidariSf 1208 
Dorycordaitest 1051 
Dcrycrinus^ 984 
JOorygTuahus, 1124 
Dosinia, 1272, 1277 
Bosinic^sist 1242 
Douamenez, Phylladea de, 927 


Bomdlleiceros, 1172 

Douvilleiceras mammillatum. Zone of, 1182, 
1187 

Down ton Castle Sandstone (Downtonian), 
963, 961 

Drainage, effects of ai’tificial, 631 ; per- 
manence of lines of, 1378 
DfeisseiHfia^ 1250, 1268, 1292 
Drevwtherimh 1249, 1295 
Tji Ilf* !• " 987 

1006 

Ttr- fihm'ii'*. 1192 
Jjt’qrtfiituUuii^ 124i; 

Driftwood, in Arctic seas, 581 
Ijroimtheriumf 1091 
1208 

Jimmrnis, 1300 
“Druid Stones,” 458, 464, 1233 
Drums, or drumlins, of boulder-clay^, 1,31iL 
1331, 1343 

Drusy cavities, 90, 134, 141, 204, 814 
Dryandm^ 1232, 1247, 1262 
jbryamli'ohleSf 1247, 1257 
Bryan, 1315 
JJnjo/enfen, 1159, 1179 
Bryophyllnm, 1165 

1264, 1265*, 1293 
n; 1254, 1287 

Jjumorlimn, 1136 
Dunes, 440 
Dunite, 240, 243, 258 
Dunlins, fossil, 1254 
Durness Limestones, 888 
Duniteu, lignites of, 1338, 1839 
Dust in air, source and functions ol‘, 37i.- 
434 ; cosmic, 93 ; volcanic, 273, 286, 292 ; 
removal of, by wind, 435, 437 ; erosiow 
by, 486 ; growth of, 438 
Dust-showers, 444 

Dwyka Oongloir crate. 1087, 1059, 1079 
Dyas, 1003, 1072 
Dyke-rocks of Roseubusch, 197 
Dykes, 287*, 298, 346, 788, 742*; of 
sandstone, 665*, 666*, 769* ; structure- 
of, 746* ; glassy selvages of, 746, 746 ; 
multiple and compound, 746* ; intersect- 
ing, 747* ; effects of, on contiguous rocks^ 
747 ; deformation of, by thrusts, 888* 
Dynamo metamorphism, 765 

Eagles, fossil, 1254 
Eagle-stones, 187, 648 

Eartli, earliest crust of, 14 ; relations of, in 
solar system, 14 ; form and size of, 19 
rotation of, 22 ; revolution and orbit of, 
23 ; distance of, from sun, 23 ; stability 
of axis 0 ^ 24 ; changes of centre of gravity 
of, 28 ; diminishing elliptioity of figure 
of, 30 ; envelopes of, 34 ; lithosplieiv of, 
47 ; density of, 66 ; the present crust of, 
67 ; interior or nucleus of, 57 ; fflternal 
heat of, 60 ; probable condition of interior 
of, 65 ; arguments for internal liquidity 
of, 65 ; arguments for internal solidity of^ 
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67 ; arguments for gaseous condition of I 
nucleus, 71, 371 ; age of, 74 ; physical | 
arguments for age of (1 ) internal heat, 79, 
81; (2) tidal retardation, 79, 81 ; (3) 
origin and age of sun’s heat, SO, 81 ; com- 
position of crust of, 82 ; eflects of con- 
ti'action of, 351, 370 ; constant superficial 
movement in, 358 ; influence of rotation 
and the moon’s attraction on configura- 
tion of surface of, 893 ; effects of secular 
contraction of, 394 ; effects of eccentricity 
of orbit of, 1326 

Earth-movements Of infinitesimal amount, 
359 ; causes of, 360 
E:ir:h-]iin.ir.-s, eroded by rain, 463* 
r.:iriliiiiiaUe.s, 358 ; literature of, 368 ; of 
JJriii'ii 359 ; of Germany, 369 ; of 
Atistria, 359 ; of Italy, 359 ; of Spain and 
PcM-l ii'.^-il. 359; of Scandinavia, 360; of 
l'n>u-d Status, 360 ; of Japan, 860 ; 
definition of term, 360 ; nature of tlie 
motion of tlie gi*ound in, 360 ; waves 
trananiittod by, 361 ; range of movement 
in, sol ; velocity of; 861, 376; perhaps 
propagated through the globe, 363; 
duration of, 363 ; frequency of, 368 ; 
periodicity of, 863 ; connection of, with 
the seasons, 364 ; modified by geological 
structure, 864 ; extent of country affected 
by, 300 ; depth of source of, 366 ; seat of 
origin of, 367 ; distribution of, 368 ; 
causes of, 869, 416, 479 ; effects of, on 
surface of laud, 371 ; effects of, on 
terrestrial watem, 374 ; effects of, on 
animals, 375, 828 ; memorials of geologi- 
cally ancient, 375 ; effects of on the sea, 
376 ; perinaiient cliaugos of level caused 
by, 376 ; possible records of, in sandstone 
<lykes, 666 

Earth-worms, transport of soil by, 460, 
600 

Earthy Waters, 472 
Eaton ia, 969, 986 
Ebunieaii epoch, 1349 
Ecca Shales, 1057 
Eccentricity of earth’s orhit, 23 
Eccliptic, obliquity of, 24 
Ernf/ininpJiaf Uit, 947 
/Crhitmhn’AsaSj 1115, 1168 
Et'hhiocans^ 1006 
Echhiocomts^ 1167* 

EcJn'nocorys, 1167* 

EMnocycumis^ 1168, 1278 
EiiIhinocyphu8i 1168 
I^ihinocysfiX 939 

Echino<lei'mata, relative palsaontological value 
of, 882 ; evolution of, 846 ; contrast of 
Palecozoic and Mesozoic, 1083, 1114 ; 
fossU, 912, 913* 988, 948, 984, 1020*, 
1021. 1087, 1116*, 1167*, 1247, 1277 
Echinoffon^ 1147 

Bchinoids, great developme?^ of, in Jurassic 
time, 1116 

Echimspatagus, 1168 


Kch t n'tf {if 938 

EcltuLtnSf 1278 

Eclogite, 252 

Ecuador, volcanoes of, 268, 264, 280, 812,. 
322, 324, 326, 329 ; earthquakes of, 365. 
366, 876, 376 
Edaphodon>f 1192 

Edentates, fossil, 1273, 1295, 1296, 1299 

MdestaSf 1025 

EdmondiOi 1023, 1066 

Eels, early forms of, 1173 

Efflorescence products, 446 

Effusive or volcanic rocks, 197 

EgelnBeds, 1267 

Egerkingen, Eocene osseous breccia of, 
1237 

Eichtoaldia^ 939 

Eifel, volcanic phenomena of the, 268, 271, 
276, 278, 281, 291. 311, 327, 329 ; crater- 
lakes or maare of, 324, 326 
Eifelien, 992 
MlmcrinttSf 984 
Elseolite, 100 
Elosolite-syenite, 220 
MasonodecieSi 1192 
ElasmosauniSf 1176 
JEZffter, 1133 
Elaterite, 185, 186 
Elbe, River, 484, 485, 489, 494 
Elements, most important in earth’s crust, 
83 ; native in crust, 91 
Elep'‘'auto. ■‘’o^sil, 1278 ; African, in glacial 

1297, 1315*, 1350 
Ehiyhas */.//, age of, 1355 
Eleuthei'i'>:>fi'’'if 1003 
Elevation. Sec Upheaval 
Elevation-craters, theory of, 820 
Elffinia, 1090 
Elgin Sandstones, 1090 
Elk, fossil, 1366; Irish, 1365, 1356 
Elk River Series, 1061 
J'jdl/tst>i‘i'j/'i(f^"{ij 912*, 914 
Ellipsoidal structure of lavas, 136, 806, 309r 
760, 951 

Elm, fossil forms of, 1204, 1224, 1276,. 
1287 

ElmiichthySf 1031 
ElqpqpsiSf 1173 
Blotherids, 1266, 1273 
1249 

Elton Lake, 629, 630 
Eluvium, 440 
Blvan, 209, 740* 

MymocariSf 1006 
Fjinoi'ijhiaht. 1170 

Kmbnoiiio development and palaeontological 
succession, 846 
Emery, 96 

Empyreumatic odour, 140 
Emscherien, 1196, 1201 
Emu, fossil, 1300 , 

Emyda, 1297 
Emys, 1214, 1237 
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Emliornisj 1176, 1178 
Enaliosaurs, or sea-lizards, 1122 
JEnallocrinuSf 968 
JEnckodiiSj 1173 
Encrinite Limestone, 179 
Encrinurus^ 941 
Eticrinusj 1087* 

Endmoriine. See Moraines, terminal 
Endoc&raSi 940 
Endomorph, 89, 94 
Eiidatkiodoni 1089 
Eudothiodonts, 1080 
Eiulothy^ray 1020 
England. See Britain 
Etnieodoiif 1169 

Enstatite, 182 ; artificial formation 418 
Enstative-olivine-rook, 241 
Eiitdlopkora, 1141, 1168 
Entelodon, 1249 
ErUomidellaf 915 
Entcmis, 921, 941, 988*, 986 
1*278 

■'> J /</■■■/ 1229 

Eocene, definition of term, 1220; forma- 
tions, metamorphism of, 803, 804, 1223 ; 
account of, 1228 ; flora of, 1223 ; fauna 
of^ 1225 ; distrihution of, over the world, 
1223 ; in Britain, 1229 ; in France and 
Belgium, 1234 ; in Southern Europe, 
1288 ; in India, &c., 1240 ; in North 
America, 1241 ; in South America, 1244 ; 
in Austi^asia, 1244 ; Nummulitic Lime- 
stone in, 1224*, 1239 ; coarse boulder-heds 
in, 1239 ; coal of Haring, 1239 ; volcanic 
rocks associated with, 1240, 1244, 1245, 
1246 

Eocystites, 912 
Eohijppus^ 847, 1228 
EohyuSi 1228 
EolirioTbi 1206 
Eolithic, 1349 
Eo7neryx, 1248 
Eophytorij 911 
EosmrTis, 1062 
JSoecotpiust 1032* 

Eozoic rocks, 861 

£ozoo7i, 870, 878 

Eparchsean Interval, 904 

Epeirogeny or continent-making, 392, 1374 

^henierot 1003 

Epiaster, 1198 

EyicauipftfJoitj 1107 

Epidiorite, 224, 234, 252, 790 

Epidiorite-schist, 262 

Epidosite, 253, 790 

Epidote, 103 ; as a metamorphio product, 
772, 773, 774, 790 
Epidote-schist, 253, 790 
Epidotisation, 790 
Epigene action in geology, 262, 480 
J^pikippua, 1243 
J^oreodo7if 1249, 1273 . 

Eppelsheim, bone-sand of, 1268, 1298 
Slpsomites, 420 


Equatorial diameter of the earth, 20 ; 

Current, 23, 659 
Equinoxes, precession of, 23 
Equisetocese, fossil, 1004, 1012, 1019, 1026, 
1066, 1085 

EquiaetiteSf 1085, 1133, 1185 
Equiaetum, 1096, 1112, 1203 
Equus, 847, 1278, 1297 
Equus Beds (Pleistocene), 1317 
Ei'etmosaurua^ 1137 
Erguss-gesteine of Rosenbusch, 197 
EnnnySi 912*, 914 
Emlona^ 1250 
Eipetoaitdm^i 1090 

Erratic Blocks, 161, 554* 1016, 1311, 1318 ; 
evidence of transport of, 1310, 1331, 
1338 

Eryma, 1119 

Erymi, 1119 . „ 

Eruptive Rocks. See Igneous Rocks 
Ercilia, 1268 
Escarx)ments, 500, 1387 
Eaeharaj 1202, 1277 
Eskers, 1323, 1380 
Easeu tial minerals* 89 
Eat?ieria, 983*, 1006, 1031, 1073, 1087* 
Eatluniix, 1243 
Estuarine <l€po‘»its. 510. 581 
Estuarine ScrL*'- (lulL-i-ior Oolite) of York- 
shire, 1140 
]^tangs, 441 

Etchiminian Series, 905, 931 
EthmiopyUmn^ 912 

Etna, literature relating to, 264 ; dimen- 
sions of, 264, 265* ; steam discharged 
by, 266 ; funiaroles of, 269 ; melting 
of snow on, 270 ; bombs of, 274, 275 ; 
geological age of, 281 ; most active 
in winter, 282 ; rhythmical eruptivity of, 
284 ; fissures on, 286, 289 ; dykes on, 
287* ; caldera of, 290, 326 ; lava-streams 
of, 298, 299, 300, 305, 307, 308, 309, 
310; proofs of upheaval at, 311; sub- 
sidiary cones of, 323, 326, 338 ; map of, 
331*; shifting of vent of, 332 ; began as a 
submarine volcano, 386 ; cause of its wide 
reputation, 342 ; began its eruptions in 
Pliocene time, 1293 
Etdblatti'tia^ 1073 
Eucalmnites, 1065 
Eiicalyptiiay 1164, 1223, 1261 
EitchiroamniSf 1069 
E^idadia, 939 
Ehicladoca'inu8f 1022 
Budea^ 1086 
Evdeaia^ 1150 
Exf^lephaa^ 1297 
Migaater^ 984 
Exty&tiia, 1231 

Eignaihxia, 1089, 1122, 1137 
Eu,go7U>c&ra8, 1212 
Eugranitic, 221, 

EiLk&raspiat 342 
EvUmena^ 1282 
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EuJo7)ut, 922 

Exdoim-Nwhe fauna, 922, 924 ; world-wide 
range of, 944 
Eulysite, 240, 268 
Eumargarita^ 1286 
EuiiiySj 1249 
Bmidia^ 986 

EximnplKtim, 940, 962*, 986, 1022*, 1028, 
1078 

EaiHitagxts, 1246 
Evpln^H'ria^ 1032 
Euidiotidc, 232 
Eiiprotogoiiia, 1243 
Exqisamxnia, 1242 
Eurite, 209, 268 
Euritic stimcture, 151 

Europe, geological maps of, 8 ; variations of 
<>ea-lev«l round cooks of, 43 ; area, mean 
height and highest elevation of, 49 ; pro- 
l)ortion of coast-line of, 54 ; fissure erup- 
tions in, 345 ; active volcanoes of, 348 ; 
earij^quokes in, 869, 362, 365, 367, 368 ; 
prevalent directions of mountain-chains in, 
394 ; sand-dunes of, 441, 442 ; composi- 
tion of river waters of wekem, 488, 494 ; 
tidal bars of, 512 

Pre-Cambrian rocks of, 897 ; early pre- 

Paltcozoic land of, 890, 908 ; Cambrian 
system in, 924 ; Silurian, 945-977 ; De- 
vonian, 988-996; Old Red Sandstone, 
1006 - 1012 ; Carboniferous, 1037-1066 ; 
Permian, 1069-1078 ; Trios, 1091-1106 ; 
Jurassic, 1128-1158 ; Cretaceous, 1180- 
1208 ; geographical clianges in, at end of 
Mesozoic time, 1219 ; Eocene formations 
in, 1223-1241; Oligocene, 1249-1260; 
Miocene, 1266-1272 ; Pliocene, 1280-1296 ; 
Pleistocene, 1303-1339 ; post-Tertiary and 
Recent, 1347-1361 
Evrycarc^ 926 
Muryctmnv^i 1144 
EvryUpis, 1062 
Mirytiotmy 1024, 1032 
' EwryptereEa,y 1005 

Burypterids, chief periods of, 942, 1006, 
1031 

942, 968, 983*, 1005, 1024, 1081 
EitryUttii'luiUj 1234 
Mxmrms^ 942 
Enmiius, 1249 
Musthenopteron, 1014 
Eutaxites, 131, 212 
Evihynotus, 1122 
EiUomoceras^ 1107 

Evolution of species, 838, 842 ; bearing of 
palieontology upon, 846 
Myogyra, 1116, 1119*, 1169* 

Exosmosis, 741 

Expeditions, oceanographical, 38 
ExperSnent in geology, 119, 261, 329, 862, 

361, 362, 398, 409, 421, 436, 451, 464, 

466, 473, 487, 491, 492, 496, 686, 661, 

666, 667, 613, 626, 626, 661, 688, 716, 

717, 733, 862 


324 

-. 0 ' n= 0 , 289, 296, 336, 837, 
343 ; transitorj’ character of, 292 ; cause 
of varying energy of, 294 

Fdbmdea^ 1224 

FabiUaria.^ 1237 

Fagits, 1210, 1246, 1257, 1292 

Fahlbonds, 820 

Fairy-stones, 647 

Fakes, 165 

Falcon Island, a modem volcano, 334 
False-bedding, 636 
Faluns, 1253, 1266 
Fammenien, 991 

Fan-palms, fossil, 1224, 1247, 1270 
Fan-shaped structure, 678*, 1871 
Fans of alluvium, 605* 

Faroe Isles, plateau of, 39, 345 ; sill in, 732* 
Fasdcidana, 1282* 

Fasciolanot 1170, 1267 
Fossaite, 102 
Fassanian G-roup, 1106 
Faults, connection of, with earthquakes, 370, 
423 ; afford channels for undeiground 
water, 466 ; description of, 687 ; nature 
of, 688 ; throw of, 690, 694 ; hade oi^ 
690 ; different classes of 690 ; normal, 
690 ; reversed or overthrust, 690, 794*, 
1068, 1064, 1370 ; dip- and strike-, 694 ; 
heave of, 696 ; dying out of, 696*, 698 ; 
groups of, 699 ; step-, 699 ; trough-, 699 ; 
detection and tracing of, 700 ; generally 
make no feature at the surface, - 700, 
1870, 1384 ; gravity-faults, 702 
Fault-rock, 164, 689 

Faunas, marine, sometimes less advanced 
than terrestrial floras, 889, 848 ; earliest 
known, 877, 904, 910, 931 
Fawsites, 948, 984, 1021 
Famlaria^ 1066 
Faxoe Chalk, 1208 * 

Feather-palms, fossil, 1224, 1247 
Feel of rocks, 140 
Fdis, 1296, 1297, 1858 
Felsite, 213, 216 
Felsite-porphyry, 216 
Felsitfels, 215 
Felsitic structure, 149, 161 
Felspars, 98, 109 ; artificial production of, 
404 ; decomposition of, by rain, 462 
Felspathio, 137 
Felstone, 216 
Felt, microlitic, 228 
Fmestdla^ 939, 1022, 1066 
Ferric oxide, 84, 90 ; proportion of, in earth’s 
crust, 87 
Ferrite, 157 

Ferrous carbonate, 85, 91, 107, 187, 194, 472^ 
Ferrous oxide, 85, 96 ; proportion of, in 
earth’s crust, 87 

Ferrous silicate as a colouring ingredient in 
rocks, 139 

Ferrous sulphate, 96, 472 
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Ferruginous deposits, 96, 107, 186 
Fetid odour of rocks, 140 
Ffestiniog flags, 921 
Fibrolite, 103 
Fibrous structure, 135 
Ficbtelite, 185 
FicojjJii/Uut)}, 1211 
Ficiikif 1283 

Ficus, 1164* 1230, 1263*, 1292 
Field implements for geological research, 
110, 117 

relations as a basis for the classification 

of igneous rocks, 197 
Fig, fossil, 1165, 1209, 1224, 1247, 1270 
•Fiji Islands, 336, 338, 382, 621, 623 
Finland, geological maps of, 10 ; pre-Cam- 
brian rocks of, 900 ; glaciation of, 1832 ; 
geological history recorded in peat-mosses 
of; 1360 
Fireclay, 168 
Fire-damp, 86, 427 
Fire-marble, 177 
Fim, 189, 535 
Firt^ 391 

Fishes, killed in large numbers by volcanic 
eruptions, 335 ; by earthquake**. 376 ; 
and by other causes, 1003, 1011, 
1109 ; transport of pebbles by, 578 ; 
deposits formed of excrement of, 614 ; 
evolution of, 847 ; earliest types of, 942, 
987, 1004* ; immense numbers of, in some 
deposits, 1003 ; Carboniferous, 1024, 
1031 ; 31esozoic types of, 1122, 1173 ; 
earliest teleostean, 1178 ; trituration of 
molluscan shells by, 1283 
FissUity, different kinds of, 636 
Fissirostj'o, 1168 

Fissure eruptions, 264, 342*, 360, 763, 
1262 ; terrestrial features due to, 1876 
Fisaurella, 1282 

Fissures, volcanic, 279, 286, • 300, 342 ; 
earthquake-, 872, 378* ; sea-water seen to 
pour into, 354 ; without vertical displace- 
ment, 687 ; in limestones and other rocks 
frequently full of animal remains, 1094, 
1237, 1266, 1350, 1358 
FUsnndea, 1215 
FiMvlbgma, 984 
Fittoniu, 1185 

F^'ords, as proofs of subsidence, 391 
FlaMlaria, 1165, 1246, 1267 
Fidbellum, 1242, 1300 
Flame-coloration, mineral testing by, 118 
Flamingoes, fossil, 1254 
Flat works in mining, 819 
Fleckschiefer, 248 
Fleiningites, 1089 

Flexures of rocks, relation of, to terrestrial 
features, 1367 ; monoclinal, 1867 ; sym- 
metrical, 1867 ; unsymmetricol, 1369 ; 
reversed, 1370 

Flint, 179, 196, 626, 831, 1162, 1167 
Flinty texture, 183, 188 
Floating islands, 492, 606 


Floe-ice, 563*, 574, 578 
Floe-rat, Arctic, fossil, 1316, 1324 
Floods, 493 

Floras, terrestrial, leas serviceable than ten-es- 
trial faunas for stratigraphical purposes, 
832, 839, 848, 1034 ; sometimes in advance 
of marine faunas, 839, 848 ; earliest known, 
910, 936 ; Devonian, 984 ; Old Red Sand- 
stone, 1001 ; Carboniferous, 1025 ; Per- 
mian, 1065 ; change from Paljeozoic to 
Mesozoic, 1082 ; earliest <licotyle<lonous, 
1164 ; Alpine or Arctic, history of, 1825 
Floridian Series (Pliocene), 1298 
Florissant, lake-deposits of, 1248, 1260 
Flowers, preservo(l as costs in travertine, 
476 

Flow of solids, 421 

Flow-stmcture (Fluxion-stnioture, Fluctua- 
tionstmetur), 131, 147, 163, 164*, 211, 
214, 226, 636 

Fluid-cavities in rocks, 143, 144* 

Fluorides, 107 

Fluorine, proportion of, in outer part of earth, 
83 5 combinations of, 87, 107 ; gi’eat 
chemical activity of, 87 ; at volcanic 
vents, 269 ; as a mineralising agent, 407, 
416, 778, 809 

Fluorite (Fluor-spar), 87, 107, 814 
Flustm, 1237 

Fhuion-staructure. See Flow -structure 
Flysch, 1205, 1223, 1239, 1253, 1258 
Foliation, 113, 134, 244, 428 ; sometimes 
coincides with bedding of stnita, 248 ; 
produced by dynamical movement, 682, 
788 ; relation of, to cleavage, 686 ; pro- 
duced in coiitact-metainorphism, 777 
Folkestone Beds, 1185 
Pootpriuts preserved os fossils, 644*, 1089 
Fomminifera, deposits fomed by, 177, 178*, 
616, 624, 1020 ; protective influence of 
some, 604 ; fossil fonns of, 937, 1020, 
1076, 1086, 1166* 1186, 1192, 1226* 
1281 

Foramiuiferal limestone, 178 
Fonlilla, 915 
Foreland Grits, 989 
Forelleusteiu, 232 
Forest-bed Group, 1281, 1286 
Forest Marble, 1131, 1138, 1141 
Porestian epochs in Gliusial Period, 1818 
Forests, submerged, 388, 389*, 512 ; arrest 
inland march of dunes, 443 ; attraction of 
rain by, 600 : p'-n'-ci ^ivi influence of, 603, 
631 ; arrest 604; successive 

buried, in Coal-measures, 650 
“ Formations " in geology, 856, 860 
Port Pierre Group, 1214 
Fossilisation, 830, 912 
Fossils, often best seen on weathered toirfaces 
of rook, 110, 464 ; distortion of, 420*, 
801 ; in metamorphosed rocks, 425, 781, 
784, 798, 799, 801, 802, 974 ; ae a basis 
for stratigraphical classification, 657 ; as 
tests of the age of volcanic eruptions, 720 ; 
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replaced by crystallised silicates, 782, 801 ; 
fiy 819 ; by native metals, &c., 

S30 ; definition of the term, 824 ; uses of, 
in geology, 833 ; record changes in physi- 
cal gco;ri-jii)l,y, 833 ; determine geological 
chronology, 835, 866 ; order of succession 
of, 836 ; characteristic, or Leitfossilien, 
836 ; may prove inversion of strata, 837, 

• 866 ; may be made to indicate the relative 
importance of breaks in the G-eological 
Kecord, 841 ; subdivision of Geological 
Record by means of, 843 ; characterise 
special zones or groups of strata, 843 ; 
collecting of, 849 ; determination of for- 
mations by inetins of, 856 ; order of suc- 
cession of, the basis of stratigrapliical 
geology, 856 ; earliest kno'wn, 877, 904, 
910,.931 

Fourcliite, metamorphic action of, 784 
Fox, Arctic, former southern migrations of, 
1315, 1317, 1354 

Fox^ossil, 1278, 1287, 1315, 1336 
Fox Mills Group, 1214 
Foyaite, 221, 223 

Fracture, influence of, on rocks, 416, 423 
Fracture of rocks, 138 
Fragmental Rocks, 159 

- structure, 135, 160, 164, 156*, 169 
h>ance, geological maps of, 8 ; volcanic 
geology of central, aee Auvergne ; Palaeozoic 
volcanic action in, 348, 761, 972 ; earth- 
quakes in, 364 ; changes of level in, 386, 
388, 390 ; <itang8 of, 441 ; rivers of, 481, 
482, 484, 486, 495, 515; river-terraces in, 
507 ; chemical deposits along coasts of, 
579 ; peat-mosses of, 608 ; structure of 
northern coal-field of, 681, 693 ; granites 
of, 725, 780 

Pre-Cnmbriau rocks of, 901 ; Cambrian, 

927 ; Silurian, 971 ; Devonian, 991, 994 ; 
Carboniferous, 1051 ; Permian, 1074 ; 
Jurassic, 1147 ; Cretaceous, 1195 ; Eocene, 
1234 ; Oligocene, 1252 ; Miocene, 1266 ; 
Pliocene, 1289 ; glaciation of, 1308, 1335 ; 
Recent deposits of, 1369 
Frasniou, 992 
Frff'Oeimts^ 1214 

Fredericksburg formation, 1212 
Freestone, 165 
Friable, 188 

Friction-breccia, 164, 260, 683 
Friendly Islands, submarine eruptions at, 
277, 334, 336 
Fringing reefs, 618 
Frogs, fossil, 1271, 1287 
Emidicularia, 1138 
Frost, 464, 681, 661, 663 
Fruchtscliiefer, 248, 781 
Fucoids, fossil, 910, 936 
Fulgurites, 433 
Fuller’s earth, 168 

Fuller’s Earth Group (PuUoman), 1131, 
1188, 1140 

Fumaroles, 266, 267, 269, 807, 318 


Funafuti, a coral atoll, exploration of, 614, 
623 

Fundamental complex of Archeean gneiss, 
883, 903 

Fundamental Gneiss, 882 
Fuudy, tides in Bay of, 557 
Fungi, fossil, 1026 

Fusion, experiments in, 402, 716 ; aquo- 
igneous, 412 ; regarded as liquefaction by 
solution, 413 ; expansion of rocks by, 413 
Fu^ion-poiut. in silicates, lowered by water, 
304, 413 ; of a mineral and of its glass, 
406 ; exi)crimcnts on, 717 
Fiisidina, 1020, 1076 
FusuLineila^ 1057 
Fnsiis, 1170, 1226*, 1248, 1267 

Gabbro, native iron in, 93 ; gases in, 142 ; 
characters of, 231, 239 ; banded structure 
of, 232, 266, 711, 788, 808 ; meta- 
morphism of, 790 ; separation of ores in, 
808 

Gahbro-schist, 251, 252 
Gaize, 166, 1160, 1188, 1200 
(idlecym^Si 1273 
(ialeocenlOi 1287, 1255 
(^alerites^ 1167* 

Galesaurians, 1080 
(jfalemuTUS, 1089 
nnh-Unjln.’', 1234 
f’tf/lii',. 129, ■) 

(fanffCimopteriSi 1059, 1066 
Ganges, annual rise of, 481 ; vegetable rafts 
of, 492 ; sedimentm, 495 ; delta of, 617* ; 
rate of denudation of, 589 
Gangetian Group, 1106 
Qaug-gesteine of Rosenbusch, 197 
Gaugue, 814 
Gannett fossil, 1254 
Gauuister, 168 
(Mnodiis, 1141 
Gnrbenschiefcr, 248 
Garda, Lago di, height of, 1338 
Garnet, 104, 171, 222, 423 ; in contact- 
metamorphism, 773 
Garnet-rock, 253 

Gases, occlusion of, in meteorites, 17 ; in 
earth’s interior, 72; in rocks, 85, 142, 143, 
144* ; given off in association with mineral 
oils, 86, 185, 318, 367 ; volcanic, 266, 
266, 286, 291, 294, 313; of mud-vol- 
canoes, 31 8 ; in the snhterranean magma, 
353 ; observed at earthquakes, 373 
Gash- veins, 819 

Oas-pprings, in delta of Mississippi, 612 
(;as-.«}»iir:s, among stratified rocks, 645 
Gasteropods, early forms of, 916, 940 
Castornis, 1226 
CastrioGeras, 1023, 1076 

(■^a8tTO(Jh(eniOi, 1161 
Gaudarian Group, 1106 
CawlryincL, 1166* 

Gault, 1182, 1183, 1186, 1203 
Cavialis, 1237, 1297 
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Gaylussite, 531 
Oasella, 1278, 1295, 1297 
Gazelles, fossil, 1278 
Geanticlines, 880, 678, 1374 
Gedinnien, 992 
Gedravian, 1283 
Geikiea, 1090 
Geinitzella, 1078 
Gelocus^ 1249 

Generalised or synthetic organic types in 
geological time, 846, 942, 1002, 1028, 
1032, 1127, 1166, 1179, 1211, 1226, 1227, 
1228, 1295 
Genesee Group, 997 

Geneva, Lake of, 610, 520, 521, 622, 524, 
625 

Geognosy, 4, 34 

Geological Books of Reference, 6 
Geological causes, no evidence of former more 
violent, 31, 75 ; slow action of, 74 ; may 
not always have been the same as now, 261 
Geological investigation, works on, 6 
Geological maps, 8 

Geological Record, 3 ; imperfection of, 841, 
858, 910 ; subdivisions of, by means of 
fossils, 843, 855 ; thickness of, in Europe, 
856 j relative importance of subdivisions 
of, not to be judged by depth of strata, 
856 ; classification of, 861 
Geological science, history of, 5 
Geological Society of London, 13 
Geological Survey of Great Britain, maps of, 
8; discovers Ol&iellus-zoiie in N.-W. 
Scotland, 883 ; work of, in Scotland, 794, 
883, 891, 893, 920, 960, 966, 1007, 1042, 
1070, 1187, 1194; in Wales, 915, 945, 
1007, 1088, 1040 ; in the Midlands, 897, 
1049, 1091 

Geology, object and scope of, 1, 14 ; nature 
of evidence required by, 2 ; cosmical 
aspects of, 4 ; Dynamical, 4, 260 ; Qeo- 
teotonic or Structural, 4, 633 ; Palseonto- 
logical, 4, 824 ; Stratigrapbieal, 5, 855 ; 
Ph 3 rsiographical, 5. 1363 : Zrperuncntal, 
see Experiment ; tronti.se^ on, 5, 6 ; works 
on applications of. 7 ; relation of, to Archse- 
ology, 1357 

Georgian Formation (Cambrian), 931 
Gmcuwrus^ 1145 
Geosynclines, 678, 1374 
Geotootonic geology, 633 
GeoteuiOiiSi 1118, 1187 
Gephyrooemi^ 986 
Gtraniuin, 1257 

geological maps of^ 8 ; Permian 
volcanic rocks of, 349, 1072 ; Triassio 
volcanic rocks of, 349, 1084; earthquakes 
in, 369, 362, 367 ; pre-Cambrian rocks of, 
901 ; Cambrian system in, 928 ; Silurian, 
975 ; Devonian, 991 ; Carboniferous, 1054 ; 
Permian, 1072; Trias, J084 ; Jurassic, 
1153 ; Cretaceous, 1202 ; Oligocene, 1256 ; 
Miocene, 1267; Pliocene, 1293; glaciation 
0% 1306, 1308, 1884 


I Gei-ima, 1088, 1116, 1169 
Geyserite, 195, 291, 315 
Geysers, 291, 316, 473 
“Giants* Kettles,” 551* 

Gibhula^ 1284 
Gifjouttitiavrvs, 1145 

Giyikgo {Salisburia), 1028, 1112, 1165, 1223, 
1271 

Giraffes, fossil, 1278 
I OirvancIlfJ, 192, 933, 951 
Gisoi'ticm 1282 
Gissocrinus, 938, 957 
Givetieu, 992 
Glacial Period, 1301 

Glaciation, nature of, 550, 1304, supposed 
evidence of among old geological forma- 
tions, 1001, 1011, 1016, 1020, 1050, 1057. 
1068, 1059, 1060, 1239, 1271, 1809 
Glacieres, 468 
Glacier-ice, 189, 535 

Glaciers, ice-dams formed by, 493, 643 ; 
origin, structure and motion of, 535^^536, 
638, 541 ; of Greenland, Alaska, and 
Antarctic regions, 537 ; of Alps and 
Scandinavia, 538*, 541*; gneissoid band- 
ing and plication of, 542 ; geological work 
of; 644, 1 386 ; transport of material by, 
644 ; erosion by, 648 ; amount of mud 
produced by, 653 ; deposition of detritus 
by, 663 ; of Glacial Period, 1801 e.t seq. 
Glmdvivob^ 1250 

Glanier double-fold, discussion regarding; 
the alleged, 677 

Giamisch, structure of the, 676* 

Glams, fish-bearing shales of, 1258 
Glass, ^ specific gravity of volcanic, 70 ; in- 
clusions of, in crystals, 146 ; in volcanic 
rocks, 147, 163 ; higher silicr 
in, 236, 746 ; characters of, •i')-'? ; dtvii:; 
fication of, 407 (wfi Devitrification) ; in 
dykes, 745 

Glassy, 89, 112, 181, 147, 196, 272 
Glamonia^ 1170, 1212 

Glauconite, 106, 166, 181, 242, 682, 627. 
1188 

Glauconitic deposits, 181, 627, 1162, 1166 
Glauconitic Marl, 1182, 1188, 1190 
Glauconitisation, 177, 181, 627 
Glmmvm^ 949, 1022 
Glaucophano, 101, 784 
Glauoophane-eclogite, 263 
Glaucophane-schist, 262, 784 
OlevcHimia, 1165 
GleidienUes, 1109 
Glengariff Grits, 1012 
Gleukilu Black Shales, 961 
GMigemuu 178*, 1086, 1166* 

Globular structure in igneous rocks, 196 

Globulites, 148 

GlosBoc&roB^ 940 

Gloasopteris, 1069, 1066, 1085 

Glossopteris flora, 1069, 1078, 1080 

GlossomnvUes, 1079 

Glutton, fossil, 1287, 1364 
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1233 

GI)/phiV((, 1134 
OlHphiorcraH^ 1023, 1030 
Olyptarva^ 922 
Olypfmph, 977 
“Glyptio” Period, 1349 
GlypticiK% 1115 
Glyp^tocnnua^ 938 
GluptOi^jfufiUis^ 938 

Glyptodendwn^ 937 - 

Glyptodoiu 13C2 

Giy/dtufiin/hiis^ 1107 

Glyphlqmj 1005 

GlyptopomuH^ 987, 998, 1005 

( Shfptosruryi //.v, 1 031 

(f/ypfo,sfrnhHft. 1213, 1263, 1276^ 1277*, 
1294 

GncisH, in, 142 ; general characters of, 
255 ; banded Htructure of, 256 ; origin of, 
257 ; varieties of, 257 ; analyses of, 259 ; 
as a product of r-r.|;;i'! I. -‘.tn ..n.',*-: 
78P ; of regional i.Mi.ii-m. 78'» ; 

or the crystalline sc.hists, 869 ; eruptive 
origin of some, 872 ; original and younger 
forms of, 874 ; Anditoan, 883, 895, 898, 
900, 902, 905, 906 
Gneiss- gi'anitc, 207 
(Joat in Neolithic time, 1356 
GolTerod scUistH, 780 
Unlapilli Pe<ls (India), 1160 
959 
1032 

Gondwana Rysbuii, 1058, 1079, 1160 
Giijnfit'tnins((i(nis^ 1 079 
Gcnitmdon„ 1243 
GoiMifrH, 1023*, 1039, 1076 
(loniatitoids, llmt appearance of, 986 j 
waning of, 1082 
(hnidi/iyphtHy 1107 
Gonioviya^ 1116 
Oouiophulis, 1122, 1175 
Goniophura^ 961, 962* 

(fimhphyUum^ 944 
GtmiArpUm, 1081 
Gonhipyguit, 1201 
Goodnight Beds, 1299 
Goose, fossil, 1287 

Gopher, geological wtion of, 601 ; fossil, 1317 

Gtmlimiit^ 1090 

Gorges. Se6 Ravines 

<ttuyonir/iffiy», 988 

Gosau Beds, 1205 

Gossan, 93, 818 

GramUmua, 1179 

Graham's I^and, 833, 389 

(framtweeraa, 1186 

Orammysiot 940 

Granite, enwhing strength of, 71 ; essential 
and accens(iry minerals of, 89 ; drusy 
cffHties of, 90 ; gases contained in, 142 ; 
description of, 203 ; bibliography of, 203 ; 
varieties, 204 ; analyses, 207 ; veins from, 
sometimes show glassy and sphemlitic 
structures, 208, 209 ; weathering of, 208, 


465 ; modes of occurrence ofi 208 ; contains 
minerals that could only have consolidated 
at compai*atively low temperatures, 412 ; 
original condition of, 413; number of 
cubic feet of, to one ton in air and in sea- 
water, 668 ; jointing of, 663 ; fusion point 
of, 717 ; bosses of, 723 ; the oldest known 
rock, 723 ; of many different ages, 724 ; 
enclosures in, 724 ; marginal differences 
in structure and texture of, 726 ; relations 
of, to surrounding rocks, 726 ; injection 
of, 728 ; Ut‘par-Ut pemeation by, 728 ; 
connection of, with volcanic rocks, 729 ; 
veins of, 739* ; foliation developed along 
segregation veins in, 742* ; has not fused 
parts of adjoining rocks, though it has 
absorbed them, 767, 776 ; contact-meta- 
morphism produced by, 778 ; supposed 
aljsorption of basic materials by, 780 ; 
origin of mineral veius around masses of, 
809 

Granite-porphynfy, 208 
Granitell, 205 

Granitic (Granitoid) structure, 128, 151*, 196 
Granitisatiou, 728, 781, 787 
Grauitite, 204 
Granophyre, 206 

GranophyTic structure, 128, 129*, 151, 152, 
206 

C*iranular-cryRtaUine, 128 
Granular structure, 130, 196 
Granulite (in French sense), 130, 151, 196, 
205 ; (in English and German sense), 130, 
245, 258 ; analysis of, 259 
Gramilitic structure, ISO, 161, 196, 205, 
245, 248, 258, 789 
r.r;i!,o-- r.l-. 1251 

rv. 128, 206* 

iii ’.■n-ieorites, 17 ; miueralogical 
characters of, 92 ; distribution of, 186 ; 
coal altere<l into, 771 ; in gneiss, 879 
Graphite-schist, 250, 259 
Graptolites, as characteristic fossils, 837, 
918 ; phylogeny of, 846 ; earliest forms 
of, 911; figures of, 935*, maximum 
development of, 938, 945 ; stratigrapliical 
zones determined by, 938, 946, 947, 964, 
966, 969 ; successive extinction of families 
of, 947, 964 ; final disappearance of, 959 
Grasses, Wil, 1251 
“ Grauwacke ” of older geologists, 938 
Gravel and Sand Bocks, 160 
Gravel, 163 
Gravity-faults, 702 
Gravity measurements, 396 
Great Oolite Group, 1181, 1138, 1140 
Great Rift valley of Bast Africa, 70ff, 1384 
Great Salt Lake, 446, 526, 529, 531 
Greece, geological map of, 10 ; volcanic 
eruption in third century B.O., 327 ; 
metamorphisip. in, 803 j Cretaceous rocks 
in, 1206; Pliocene mammals of, 1294 
Green as a colour of rocks, 189 
Greenland, native iron of, 17, 98, 286 ; 
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cryolite ot, 190 ; subsidence of coast of, 
892 ; eifects of frost in, 532 ; glaciers of, 
585, 536, 537, 539, 544, 553 ; icebergs of, 
578 ; Jurassic rocks in, 1158 ; Cretaceous, 
1208 ; Miocene, 1271 

Green Mountains (New England), regional 
metamorphism in, 803 
Green muds of sea-bottom, 582 
Greensand, 166, 181 

Greensand, Lower, 1182, 1188, 1184, 1186 

Upper, 1182, 1186 

“Greenstone,” 223, 233, 791 
Greenstone-schist, 251, 252 
Greisen, 812 

Grenville Series of Ontaido, 903, 904 

Gres Armoricain, 927 

Gres Bigarre, 1097 

Gres des Vosges, 1097 

Gresslya, 1116 

Gremilea^ 1230 

Grey as a colour of rocks, 138 

Grey and red clays of ocean abysses, 583 

Greywacke, 166*, 166 

Greywacke-slate, 167, 172 

Grey Wethers, 165, 468, 464, 1283 

GriesbachiteSi 1107 

Griffelschiefer (Silurian), 975 

GriJUhideSi 1023 

Grit, 164 

Gritty structure, 186 
Gromdite, 208, 221 
Grottos, 478 

Ground-ice, 189, 583, 664 
Grouudmass of igneous rocks, 128, 129, 
149, 16a 154, 216 
Ground-moraine, 646, 1309 
Ground-swell, 561 
Group or Stage in stratigraphy, 860 
67™, 1264, 1295 
Grypheect, 1116, 1117*, 1211 
Gshelian (Carboniferous), 1051 
Guano, 181, 626 
Guaranitic Group, 1218, 1244 
Uumbelites, 1107 
Gulf Stream, 668, 565, 577 
Gulls, fossil, 1264 
GiUo, 1287, 1354; 

Gynmites, 1107 
Qijtnnograptus, 968 
Gymopiychm^ 1249 
Gympie Series (Queensland), 1058 
GypidvZii^ 986 
Gypseous, 137 

Gypsum, 85, 86, 107, 189 ; modes of origin of, 
193 ; increase of volume in production of, 
from anhydrite, 400, 468 ; capacity of, 
for absorbing water, 410 ; decomposition 
of, 461 ; solubility of, 452 ; precipitation 
of, 629, 630, 579 ; in sea-water, pohsibly 
the source of the calcium-carbonate in 
marine organisms, 613 ; P^dceozoio deposits 
of, 988, 977, 979, 1069, 1062, 1064, 
1071, 1072, 1077 ; Mesozoic deposits of, 
1084, 1093, 1103, 1110, 1153, 1165 ; 


Tertiary deposits of, 1237, 1241, 1259, 
1275, 1291, 1292, 1294 
Gypsum of Paris (Eocene), 1237 
Qyracanthits, 998, 1032 
Gyi'oceras, 1062, 1067 
Oyroilcs, 1211 
Gyrodifs, 1122, 1178 
Oyrolepis, 1089 
GyroniteSf 1106 
Gyropoi'clla, 1086, 1102 
Gyroptycliius, 1005 

llcuh'osaurus^ 1176 

Hcematite, 96, 194 ; artificially formed, 413 
Hail, production of, 447 ; geological action 
of, 633 

mikea, 1276* 1294 
Halbgrauit, 206 
Haloyot'niSy 1226 

MaliotiSy 1245, 1300 
Ualisentes, 984 
HttlUIherinniy 1256 
HiilMiuta, 258, 259 
HaltoccraSy 986 

mih.pifs. 1126 
Z/i/Ai/bV/, lOKS. 1161 
HalotloHy 1179 
ITalonhty 1028 
IMm'Uesy 1089 
IMysiteSy 987 
Hamilton Group, 997 
Ilamitesy 1171*, 1172 
Ilammatoeera^fy 1151 
Hammers, geological, 110 
Hamstead Beds, 1250 
Hangman Grits, 989 
1172 

Naplncrhi if a. 984 
Ihtphu'tnhnlj 1249 
/lajihpJifrbiidti, 1033 
Harddicty 1297 

Hardness of niiucralH and rocks, scale of, 
111 

Hare, Alpine, 1354 ; fossil, 1240, 1271, 
1278 

104 

// 1148 

UarpeSy 941, 985 

J/ry , 922 

//-V ■■■ 1119, 1183, 1136* 

II falciferum, Zone of, 1133 

II. 'I 

Hartshill Quartzite, 028 
Harzburglte, 241 
Hastings Bands, 1182, 1184 
Hastings Series (pre-Cambriau), 903, 904 
, Hatchettite, 185 
llaiighimitiy 924 
Uaiigiay 1136 

Hauterivien, 1196, 1197, 1204, 1206 ^ 
Hauyne, 103, 142 ; artificially formed, 418 
Hauyne-trachyte, 227 

Hawaii, peaks of, 40 ; literature of volcanic 
geology of, 282 ; fumaroles of, 269 ; 
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seasonal variations in cruptivity in, 282, 
283 ; erni)tive periods in, 284 ; quiet 
onii>tions in, 285, 294 ; lava-fountjiins of, 
298 ; forniH of lava in, 299, 307' ; rate of 
descent, of lava-streams in, 300 ; liquidity 
of lava in, 301 ; slope of lava -sheets 
in, 305 ; llowing of lava into the sea 
at, 309 ; lava - domes of, 328 ; crater- 
pit and lava-sea of, 329 ; height of vol- 
eaiiiu mass in, 33U ; submarine eruption 
at, 339, 353 ; hulk and height of volcanic 
mass of, 311 ; extinct cones of, 341 ; in- 
fouspicnous sources of lava-streams in, 
345 ; upraise<l coral reefs of, 882 ; dis- 
tance to which volcanic detritus is carried 
from, by the sea, 682 ; interstratifi cation 
of lava-snml with coral detritus at, 617 
ilawtlioni, fossil, 1287 
Hazel, fossil, 1287, 1388 ; geological history 
of, 1360 

** Head ” of Southern England, 460 
H^dlands, 55 
Hoatlon Beds, 1260 

Hill or Barton Sands, 1229 

Heat, (‘.ondiiotion of, in rocks, 62, 707 ; rela- 
tion of, to elevat ion and <lopressiou, 392 ; 
etTe»ds of, on rocks, 399, 434 
Heave of faults, C95 
Heavy spar, 107 
Jhrthwius, 1142 
*‘JJi*dekalk ’* of Sweden, 900 
1089 

Ilotfciv, n05, 1235 

ll(‘dgeht>gs, early forms of, 1227, 1234, 
1254 

Heersian, 1234, 1236 

llehlerlHjrg Group (Lower), 977 ; (Upper), 

• 997 

1210 

1107 

Heligoland, diminution of, by breaker-action, 
571 

937, 984 
987 

Helium, in air, 36 ; in mineral springs, 471 
i/e/Ar, 1214, 1238, 1250, 1266, 1284, 1293, 
1337, 1362 

JMfmfufhrtiuuh 1267, 1273, 1295^ 1297 

Ihimi ufhorli tton^ 940 

Helvetian Epoch in (Jlacial Perio<l, 1313 

Stage (Miocene), 1267, 1270, 1271 

//#•/// As, 958 
J/t'iHi'nsfrr, 1168 
Jfmiddariit, 1116, 1168 
Jfmicomffca, 948 

ITemiervshdline structure, 151^, 152, 196, 
272 ■ 

Hmioifvhtapw, 961 
Jlemiitanm, 1248 
JlSipfidimt, 1116 
J/cmipnouHtMf 1168 

I If mi pristine 1178 
Jleiiiii>terii, fossil, 948 
I/rmipfiirliluftt 1078 


Hemisphere, southern, preponderance of 
water in, 21, 67 

TTemp«tf‘ad Bed-^. aSSsc Hamstead Beds 
ileiii-y laccolites of, 7S6* 

TTepMiie pyriii-s. 108 

Ilfp/iisljiliti, 10Sf> 

!le]iLodon, 1213 

Herbivora, great development of, in Pliocene 
time, 1278 

Herculaneum, 271, 312 
Hercynian, 901, 993 
Hercyiiite, 97 
Herons, fossil, 1264 
1254 

Herring, ancestors of the, 1173, 1268 
Hesbayan Loam, 1337 
ffe^erm^nU, 1177* 

Jflet&racanthHs^ 988 
BeteraaU'CGOi 1133 
Ueterohmnclius^ 1298 
IIcteroee/'OHi 1192 
Het&t'ocetm, 1267 
IXelerocnmia^ 988 
Jleterohj/m, 1227 
JLici^iphh'hh^ 1133 
Jffivroimra^ 1115 
JIHrruahyuui, 1260 
Ifete^vaucJim, 1176 
Hettaiigiau Stage, 1151, 1163 
Heulandite, 104 
lime H tins, 984 

Hexactinellid sponges, fossil, 911, 918* 
Hickory, fossil, 1165, 1276 
Uightm, 1223 
High-water mark, 657 
JlUilocmm, 1133, 1136 
Hills, origin of, 1381 ; of circumdeuudation, 
1381 

Hils (Neocomiau), 1202 
Himalaya Mountains. See mulcr India 
937 

Hi miles, 1283 

mpparioih 1265, 1273, 1278, 1279*, 1291, 
1295, 1297 
Illppuhyns, 1297 

Ilippopoilium, 1116, 1117* 

IJippopdiumvSf 1267, 127-8, 1297, 1360, 
1303 ; in Gliwjial Period, 1317, 1836 ; in 
Beecnt Perio<l, 1350, 1368, 1365, 1368 
JlippofMrimn, 1 268 
Jlippotmipis, 1297 

Hiiqmrite Limestone, 1199, 1200, 1206, 1209 
llippuHtes, 1169*, 1170, 1199 ; extinction 
of, 1222 

Hirnant Limestone, 947 
Ilisingerite, 105 
UisUoUmmat 924 
lIMUmdm, 1147 
Historic Series of deposits, 1847 
Hoang Ho, Blver, 506, 589 
Hoar-frost, geological action of, 460 
lloeffena, 933 
lleeniesia, 1088 

Plog, domesticated, in Neolithic time, 1356 



1436 


TEXT-BOOK OF GEOLOGY 


Hog, fossil, 1263, 1294 
IIol(i8pi8j 1005 
Hdtaster, 1168 

Holaster planus, Zone of, 1182, 1192 

subglobosus. Zone of, 1182, 1191 

HoUctypvs, 1142, 1212 
Holland, geological map of, 9 ; alleged proof 
of changes of level in, 388, 390 ; sand- 
dunes of, 442 ; alluvial origin of, 516 ; 
Pliocene of, 1288 
HoUybush Sandstones, 923 
Eolmia, 911*, 916 

Holocrystalline, 127, 160, 151*, 196, 204*, 
272 

Hdocystisy 1167 
EolocystiUs^ 988 
Eolonema, 1004 
Ed^ipta, 940, 949 
EolopeUa, 949, 1078 
Edoptychius^ 987, 998, 1006, 1011 
EcHosaurus, 1215 
Holosiderites, 16 

Holothuridae, discovery of Carboniferous, 863 
Emmoantfixi^^ 1010 
EoinaloceraSi 986 

Eoiiwlonatusy 945, 968*, 983*, 986 

Emn>mdoni 1243 

Eoinooospiva^ 940 

Eomomya^ 1142 

EmnonotitSf 1173 

Ecynmteii^i 1006 

Homotaxis, 838 

Honestone, 172 

EopUtes^ 1172 

Hoplites interruptus. Zone of, 1182, 1187 
Hoplites lautus, Zone of, 1182, 1187 
Ei^oparia^ 1231 
Eoplophoneus, 1249 
Eopl^teryx, 1173* 

Eorvy^leum, 1206 

Horizon, definition of a palaeontological, 860 
Hornbeam, fossil, 1224, 1287 
Hornblende, 101, 109 ; artificially formed, 
413 ; as a contact-mineral, 778 
Hornblende-andesite, 229, 231 
Homblende-gabbro, 282 
Homblende-rocb, 101, 262 
Homblende-scbist, 101, 262, 790 ; formed 
from dolerite, 794, 889* 

Eorti&ra, 1277 

Homfels, 248, 261, 269, 774, 782, 783 
Homscbiefer, 226 
Hornstone, 195 
Horny texture, 133 

Horse, ancestral forms of, 1227, 1243, 1249, 
1266, 1271, 1273, 1317; domesticated, 
in Neolithic time, 1366 
Horsts, 1367, 1371 

bprite of, 1338 

:ip«,s of minute fragments in 
volcanic tutfs, 173 
Human Period. See Recent* 

Human records and traditions of geological 
changes, 387, 391 


Humous acids, 460 ; geological action of, 
698, 612 

Humus, origin of, 427, 605 ; organic acids 
yielded by, 598, 699 
EmffariteSf 1089 

Hungary, geological maps of, 9 ; largest lake 
of, 678 

Huronian rocks of Logan and Murray, 876, 
902, 903, 904 

Huttonian school of Geology, 399, 733 
Eya^mmcl^ut, 1249 
Eyiem, 1278, 1287, 1294, 1297 
Eyienarctos, 1264, 1297 
Hymnas, striped and spotted, in Glacial 
Period, 1317 ; in Paleolithic time, 1353 ; 
in Neolithic time, 1368 
Eyte^iiictis^ 1278, 1295, 1297 
Eymmion, 1227, 1249, 1265, 1297 . 

Hyalomelan, 235 
Hyalopilitic, 228, 406 
EyaZoetelia, 923, 937 
Eyhom.nu8, 938 
Eyhodiis, 1089, 1122, 1173 
nvd.iNMi; - 1106 

// ./. ... 1297 

Hydration of minerals by min, 463, 450 ; 

by underground water, 473 
Hydraulic Limestone, 190 
Hydraulic pressure of sea-waves, 669 
Eydrobia, 1207, 1238, 1264, 1268, 1292 
Hydrocarboi^ 86, 86 ; of inorgauiij origin, 
86 ; as mineral oil, and in gaseous form, 
186, 186, 318, 357 ; at volcanic vents, 
268, 367, 368 ; at mud -volcanoes, 318 ; 
possible sources of graphite in gneiss, 879 
Eydivcephahtft, 928 

Hydrochloric acid at volcanic vents, 268, 
313 ; in the magma, 809 
Hydrofluoric acid, use of, in petrography, 
116 ; in the subterranean magma, 809 
Hydrofluosilicic acid in rock -investigation, 

Hydrogen, proportion of, in outer part of 
earth, 83 ; in pores of rocks, 86, 142 ; 
in meteorites, 17, 85 ; at volcanic vents, 
268, 338 

Hydro-inetamorphlsin. 765 
Hydro-mica-schists, 26 J- 
Hydrozoa, earliest form.s of, 911, 938 
Eygromia, 1284, 1337 
Eyln ut'hdy.% 1147 
1178 

Eylerpeton, 1033 
Eyhnnu.ua^ 1033, 1068 

Ily/njih'itnin, 1068 

Eynmioca/ris, 914*, 915 

Eyolithdlm^ 916 

Eyolitim, 913*, 915, 946 

Eyopotumvs, 1227, 1234, 1249, 1266, 1272 

EyopendnAj 1243 • 

Ei/o/ffnif/itij 1254, 1263 

Hypabyssal rocks of Rosenhii,scl», 1J)7 
Hyperite, 232 
EyperodapedoHf 1089 
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HypcrKtlienc, 1 02 ; artificial formation of, 413 
Hypt*rstlieu(‘-aiide.site, 229 
H.\l>ersllu*iiiti*, 232 
//•(/>• r/ Iff ffi'I lift, 1249, 1273 
Hy]>nliomorpliic structure, 161, 197 
JI 12-19 

llypnum^ precipitates silica, 609, 610 ; pre- 
cipitatess calcium-carljouate, 61 1 
HypocryKtalline, 162 
irlypogeiio action in geology, 262 
f/if/>nthyn\ !‘S6, 1022 

Ilit/isiftifi/iiitfiulj 1173 

Hypsipruintim, 1128, 1246, 1300 
lIppweonnKs, 1 1 43 
llypfifH'ri ii vs, 93S 
/Ii/rttr/iytfs^ 1213, 1249 
J/i/ramiott, 1249, 1265 
JlymrMhvfivm, 1227, 1234, 1243 
IlystL'U, 1291, 1295, 1297, 1352 
Hythti Beds, 1185 

IIms, fossil, 1254 

Icji, influence of polar, on earth’s centre of 
gravity, 28, 378 ; effect of a thick cover- 
ing of, in lowering the isogeotherms, 61 ; 
as a geological formation, 188 ; varieties 
of, 189 ; influence of sheets of, on raised 
beaches, 385 ; sheets of, alleged to cause 
HuUsldence, 396, 1320 ; flue particles of, 
erosion by, 437 ; dams of, in rivers, 493 ; 
teri'estrial, 631 ; caps of, 636, 1302, 1304; 
on the sea, 56^ 574, 678; “fossil,” in 
Arctic Kussia, 1339 
Tee Age, 1301 

Icebergs, 189, 664*, 666* 674, 578 
lee-caps, 535, 536, 1802, 1304 
Ice-foot, 663, 574, 578 
Iceland, volcanoes of, 277, 286, 295, 300, 
342, 348, 347, 349 ; wdnd-borue volcanic 
dust ftoui, 296, 446 ; geysers of, 316, 316 ; 
submaviue eruptions near, 333 ; llssure 
<‘ru]itions in, 342 ; explosion crater in, 
:>I3; 'I'l'i'liiiiy basalt - plateaux of, 845, 
1260 ; sinter deposits of, 476 *, lagoon- 
bars of, 513 ; glacier mud of, 553 
leenian, 1284 
Ichthyornnvs^ 984 
1173 

lehthym'nis, 1178* 

Ichtbyosaui's cliaractoristically Mesozoic 
fossils, 837 ; earliest types of, 1089 ; ex- 
tinction of, 1222 

JchtliyimvriM, 1096, 1121*, 1122, 1176 
/Hither iwii, 1278, 1294, 1296 
iHopHf 1249 
Iddingsite, 106, 201 
Tdioniorphic, 89, 161 
Jdiiionmf 1115 

Idocrasc, 103 ; as a contact-mineral, 773 
Igneous Kocks, transitions of composition in, 
937 ; characters of, 158, 195 ; structures 
and classification of, 196; symbols to 
express composition and structure of, 199, 
nomenclature of, 201 ; families of, de- 


scribed, 203 ; rise of temperature from 
intrusion of, 401 ; tectonic relations of, 
705 ; petrographioal provinces of, 707 ; 
sequence of, 706, 886 ; differentiation in, 
710 ; caustic action of, 710, 731, 776 ; 
’crystallisation of, 716 ; clasi^cation of, 
according to tectonic relations, 719 ; in- 
trusive, 719, 721 ; bosses of, 722 ; contact- 
metamoi-phism by, 730, 766 ; influence of 
surrounding rocks on, 731 ; connection of, 
with schists, 781 ; sills of, 732 ; laccolites 
of, 736* ; veins and dykes of, 736 ; necks 
of, 748 ; interstratified or contemporane- 
ous, 719, 753 ; metamorphosed, 766, 779 ; 
motamorphism of, specially important in 
regard to the theory of nietamorpliism, 
766, 786, 797 ; influence ot; in scenery, 
1379, 1880* 

Igvanodon, 1147, 1173, 1174* 

Ijolite, 222 

llG.%, 1165, 1247, 1262, 1276 
Ilfracombe slates, 989 
Jllwnupm, 945 

941*, 946, 975 
Ilmenite, 96, 791 

Imitative markings in sedimentary rocks, 
911, 936 

Implements, characters of early human, 
1348*, 1366*, 1367* 

rtur-'’. 128 
667 

ludertsch, Lake, 629 

India, geological map of, 10 ; mud volcanoes 
of, 818, 328 ; explosion-lake in, 826 ; 
volcanic plateaux of, 346 ; earthquakes in, 
862, 866, 872, 378, 374, 376 ; rainfaU in, 
461 ; landslips of, 481 ; river-floods of, 
494 ; mud in rivers of; 496 ; alluvial fans 
of, 606 ; height of snow-line in, 634 ; 
effects of cyclones in, 662 
Pre-Oambrian rocks in, 906 ; Cam- 
brian, 933 ; Silurian, 979 ; Devonian, 997 ; 
Carboniferous, 1057 ; Permian, 1078 ; 
Trias, 1107 ; Jurassic, 1160 ; Cretaceous, 
1209 ; Eocene, 1240 ; Miocene, 1272 ; 
Pliocene, 1296 ; former greater extent of 
glaciers in, 1346 

Indian Ocean, volcanoes of, 847 ; upheaval 
in, 622 

Indies, ISast, volcanic geology' of, 271, 279, 
294 296 

West, 266, 278, 276, 279, 285, 336, 

341, 364, 381, 382, 622 
Jmirodo)i^ 1248 

Induration as an effect of igneous intrusion, 
768 

Inferior Oolite, 1188, 1139 
Infra-Lias, 1094, 1096 
Infra-littoral deposits, 581 
lufra-Tongrian Stage, 1249 
Infusorial earth, 179, 610 
ImcavlU^ 977. 

Imc&nmu8^ 1154, 1169* ; extinction of, 
1222 
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lusect-beds, 1133, 1144, 1153, 1250, 1270 
Insects, fossil, 943, 1003, 1032, 1069, 1073, 
1120*, 1133, 1141, 1147, 1153, 1248, 1250, 
1257, 1270 

Interglacial beds and perioiLs, 1303, 1312, 
1338 

Intersertal structure, 151, 152*, 153 ; arti- 
ficially obtained, 406 
Interstratified Igneous Rocks, 719, 753 
Intrusive Rocks, 719, 721, 732 
Inversion of rocks, 676 
Iodine at volcanic vents, 269 
lolite, 103 

lone Formation, 1272 
JphUka, 915 

Ipswich Formation (Queenslaud), 1161 
1252 

Iron in meteorites, 16, 93: jirobably forms 
one-half of the whole 1-iilk of ilu- earth, 
73 ; proportion of, in outer part of earth, 
83, 84 ; combinations of, 84 ; native in 
some volcanic rocks, 85, 235 ; oxides of, 
85, 96, 187, 612 ; carbonate of, 85, 01, 

107, 187, 194, 196 ; sulpbides of, 85, 96, 

108, 64S ; titanic, 96, 791 ; sulpliatus of, 
96, 472 ; chief colouring material in 
nature, 188, 139, 164 ; ifiiosphatc of, 
107, 187 ; specular, at volcanic vents, 269, 
807 j chloride, at volcanic vents, 260, 
807 ; disulphhle as a petrifying medhnn, 
474 ; disulphide in marine mud, 582 ; 
solution of, by sea-water, 566 ; pifcipita- 
tiou of hydrate of, oii sea iloor, 580 ; 
elimination of, by organic acids, 612 

Iron Section of Ih’ehistoric Scries, 1347 
Ironstone, 96, 107, 186, 194 ; origin of 
oolitic, 177, 187, 192 ; search of, for 
fossils, 852 

Brtiscli, River, affected by earth’s rotation, 23 
laastrfeOf 1086, 13,1.4* 
lacHiaditea, 937 , 

Ischia, island, 278 
Xschnaca^UhuSt 1006 
IsGhyodv^, 1142, 1192 
Ischi/i'ounjs, 1249, 1260 
1107 

laectolopMiSy 1243 

Islands, fioatiug, 492, 606 

Isohases (linos of equal deformation), 386 

Isomrdia, 1116, 1169, 1267 

Isockilina, 941, 1006 

Isoclinal folding, 678 

Iso(i7'i)iu.% 1133 

Isogeotherma, 61, 62, 393, 395, 396, 399, 
412 

Isopods, fossil, 1120 
Isostosy, 397, 1366 
Isotelm, 962 
Isotropic minerals, 125 
lathmiaf 1293 
Imirichthi/Sf 1258 
Itacolumite, 249 

Italy, geological map of, 9 ; volcanic action 
in Central, 278, 281, 832 ; crater lakes of 


Central, 324 ; cartliqimkcs in, 359, 362, 
365 ; changes of level in, 382, 388 ; l)l<»o«l 
rain in, 444; advance of coasts of, 516, 
517 ; lakes of, 518, 521 ; iietrograplncal 
province in, 707 

Italy, Cambrian systL'iii in, i>29 ; Silurian, 
977 ; CarbonifcroiiH, 1055 ; IVruiijui, 1075, 
I 1076 ; Tibis, lO'.iP, 1105 ; durassic, 1156) ; 
Cretaceous, I20l» ; Moccnc, 1210 ; oli^ 
ceno, 1259 ; MioccMic, 1271 ; IMioiauic, 
1291 ; Pleislorcno, 13‘JS, 1345. So' ttki 
Hihkf Etna, Ischia, Lipari Islands, Phlc- 
^wan Fields, \\*suvius 
I Ivy, fossil, 1165, 1209 
Izalco, liirtli and growth (»f volctino of, 277, 

I 279 

Jackson Beds (Eocene), 1212 
Jade, 252 

Jakutiau Shigc, 1106 

I Jamaica g»*ological map of, 11 ; <‘{irtl»<inake 
in, 364* ; ni)raisc<l coral-reel's of, 382 
1049 

1194, 1292 
Jan Mayen, 341, 347 
Japan, geological map of, 10 ; 
literature of, 283 ; grajdute 
250 ; positum of volcanoes in, 279 ; sea- 
sonal variation of v<>leanic iuiergy in, 
283, 284 ; volcanic eruptions in, 291,'2i>2, 
294 ; linear trend of volcanoes of, 311, 347 ; 
eartlniuakes of, 360, 361, 362, 3113, 364, 
365. 366, 368, 370, 371, 372, 374, 375, 
376 ; warping of land in, 380 ; tipln*aval 
in, 882 

Pre-C^unbrlau rocks in, 906 ; 'IVias 

of, 1107; Jurassic, 1160; (hvtaceous, 
1209 ; Eocene, 1239 

JtQHiuikSf 1107 

Jasper, 167 

Java, zone of invariable lemjwraturc in, 61 ; 
volcanic )>bc.nomcna of, 271, 278, 312 ; 
“ valley of death ” in, 314 ; linear direction 
of volcanoes in, 341, 347 
Jaws, lower, not intmpieut as fossils, 826 
Jerboa, fossil, 1352 
Jet, 1132 

1107 

John Day Grouj) (Miocene), 1273 
Joint(«l stnuituro, 136 

Joints, 423 ; r\]icnmciil:il imitation of, 423 ; 
atforcl channels lor underground water, 
466 ; importance of, iu the crevsion j»f 
gorges, 500 ; give rise to vertical sea- 
olills, 672* ; somotimes i)r<)diice over- 
hanging clilVs, 573* ; iu stmtillcd rock.s, 
636, 659, 1378* ; detailed nccomit <d', 
658* ; Daubree’s classilication of, 658 ; 
dip- and stHke-, 600 ; in rci'cnt eoral-roek 
and lacustrine clays, 661 ; origin of, 
661; iu igneous rocks, 662, 1379 fin 
schistose rocks, 664 ; iulluencc of, iu 
scenery, 1379, 1381, 1384 
Jolly’s .sj)ring-bulauee, 111 
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Jonillo, 308 
Jovellaniaj 940 
Jovites, 1107 
Juglandites^ 1235 

1161*, 1252, 1262 
tliiliiiii dvouis 1106 
JuniperuSf 1165 

Jura Mountains, sections across, 1368, 1369 
Jura, White or Malm, 1153, 1154 ; Brown 
or Dogger, 1154 ; Black or Lias, 1164 
Jurassic system, motamor^ihi^m of parts of, 
784, 803, 804 ; account of, 1111 ; flora of, 
1111 ; fauuaof, 1113 ; geogi*apliical distri- 
bution of, 1128 ; in Europe, 1128, 1131 ; 

. in Britain, 1131-1147 ; in France and the 
Jura, 1147 ; in Germany, 1153 ; in tbe 
Alps, 1155 ; in the Mediterranean basin, 
1166 ; in Russia, 1157 ; in Sweden, 1168 ; 
in the Arctic regions, 1158 ; in America, 
1130, 1159; in Asia, 1130, 1169 ; in 
Africa, 1161 ; in Australasia, 1161 
Juvavian Stage, 1101, 1106 
Juvadtcs, 1107 

Kachuga, 1297 
Kainite, 190 
Kalksilicatliornfels, 251 
Karnes, 1323, 1330 

1003, 1010 

KiingjJroo. fo-^il, 1299 

Kaolin, 98, 104, 147, 167, 168, 462, 465 

Kaolinisation, 104, 812, 818 

Kaolinite, 106 

Karbarbari Group, 1079 

Karoo Series (Africa), 1079, 1090, 1109 

Karrenfelder, 454 

Kasuuli Group, 1241 

Katoforite, 221 

’ r.-o-;., ;india), 1160 
A'/.;.. ■ ' . . t-.j 
Kwyaeria^ 986 
Keisley Limestone, 960 
Kdc-enmlmij 1261 
Kellaways rock, 1131, 1142 
Kentallenite, 217 
Keokuk Group, 1061, 1062 
Kexu^kvifpjt, 1119, 1142 
Kepplcrites calloriensis, Zone of, 1142 
1033 

Keratophyrc, 219, 220 
Kcro-icnc-.slialc, 186 
Kersantite, 219, 224, 226 
Keuper (Trias), 1091, 1096 
Keweenawan, 904 
Kieselgulir, 179 
Kieselschiefer, 167, 249 
Kieserite, 190, 1074 
Kilauea. Sea Hawaii 
Kilimanjaro, 905 
Killas, 209 
Kiltitcan Beds, 1012 

Kimeridgian, 1131, 1145, 1148, 1168, 1165 
1156, 1167 

Kinderhook Group, 1062 


Kingena^ 1168 
Kinzigite, 253 
Kionoc&'OSf 940, 986 
Kirkby Moor Flags, 964 
KiThbya^ 1023 
Kirthar Group, 1241 
Kites, fossil, 1254 

TCJi‘*ikkeu-in';d«1inger or refuse heaps, 1360 
Jvle'ii - -(MiLLiii!!. 115 
Klcedima, 941, 985 
Knmda, 1012, 1035, 1077 
Knotted schist (Knotenschiefer), 248, 773. 
779, 781 

Kohlenkeuper, 1096 
Koninchdla^ 1116 
Koninckina^ 1103 
Koninckocidaris, 1021 
Kossen Beds, 1101, 1104 
Krakatoa, emption of, 290, 293, 295, 369. 
445 

Krypton in air, 36 

133*, 224 

c, 23 : 

Tv; 1064, 1068, 1072 

K* *' t I 2/9, 336 
Kutnrgina, 915, 950 

Kyanite, 103 ; in contact-metamorphism. 
773, 797 

Kyunite-rock, 253 

Labradorite, 99 
Labrador-porphyrj', 233 
Labrador-rock, 232 
Labrax, 1255 

T.r.hTr»it''rdn’^s\ 1033, 1068, 1089, 1090, 
iLl'l, LJ 7; disappearance of, 1122 
Laccolites, 723, 736* 

085, 1112* 1198 
L;i. r.--.'... 1106 

JLiicutMf x2o2 

Lacustrine Limestone, 177 
Ladinian Stage, 1106 
Laekenian, 1234, 1237 
Loilajts, 1176 

Lafayette Group (Pliocene), 1298 
937, 1020, 1166 
Lagomgs, 1352 

Lagoons, 610, 581, 1016, 1025 
Lagrange Beds, 1298 
*‘Lake Agassiz,” 385, 524, 1343 
Lake Balaton, 518 
“ Lake BonnevUle,” 524, 626, 1343 
Lake Champlain, marine terraces around, 
1345 

Lake Elton, 529, 530 

Lake Erie, area of, 1343 

Lake Huron, deformation of land at, 387 ; 

area of, 1348 
Lake Indertsch, 529 
“Lake Lahontan,” 524, 527, 631, 1843 
Lake Michigan, deformation of land around, 
887 ; sand dunes of, 443 ; area of; 1843 
Lake Ontario, ar^ of, 1343 ; marine terraces 
of, 1846 
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Lake Superior, area of, 1343 ; old terraces 
of, 1345 

Lake-dwellings, 1860 
Lake-marl, 177, 624 
Lake-ores, 186, 187, 624, 612, 812 
Lake-terraces, 525, 526 
Lakes, four causes o^ 1385 ; formed ky lava- 
streams, 308 ; due to volcanic explosions, 
324; caused by earthquakes, 372, 374, 
375, 377 ; waters of, sensitive to earth- 
quakes, 374 ; difference of water-level in, 
caused by attraction of mountains, 378 ; 
deformation of basins of, 386, 887 ; 
shallow, eroded by wind, 457, 619, 604 ; 
sand-dunes of, 443 ; W’ave action in, 446 ; 
level of, affected by -wind, 446 ; due to 
subsidence arising from subterranean solu- 
tion of rock, 477, 519 ; caused by irreplar 
decay of superficial rock, 458 ; filter rivers, 
498, 510, 522 ; river deltas in, 509 ; are 
exceptional in general circulation of W'ater 
over land, 518 ; of fresh water, 619 ; 
abundant in northern part of northern 
hemisphere, 519, 1323, 1386 ; various 
types of, 619 ; formed by deformation of 
land-surface, 519 ; caused by landslips 
and moraines, 520, 556 ; seiches in, 620 ; 
distribution of temperature in, 620 ; geo- 
logical functions of, 521 ; equalise climate, 
621 ; sedimentary deposits of, 622 ; waves 
and shingle of^ 523'* ; chemical deposits 
of, 524, 529 ; special fauna and flora of, 
524 ; due to former ice-dams, 524, 543, 
1821, 1882, 1343 ; are of rcrr'^r^n^iro'fy 
recent origin, 525 ; effacemi of, 5 *j 5 ; 
terraces of, 525, 526* ; salt, 190, 525 ; 
bitter, 525 ; frozen, 532 ; due to glacial 
erosion, 552, 1324, 1386 ; deepening of 
some shallow, by wallowing animals, 601 ; 
preservation of remains of terrestrial faunas 
and floras in d6xx)sit8 of, 826 ; proofr of 
former existence of, 833 ; sometimes due 
to irregularities in the surface of drift, 
1834, 1885 ; summary of causes that have 
formed, 1386 ; late origin of existing, 
1386 

Lakhmi'm, 933 

Lahi, fissure eruption of, 342* 

Lainbdothervwm^ 1243 

Lamellibranchs, ‘fossil, 914*, 916, 940, 1021*, 
1022, 1066, 1088, 1116*, 1169* ; become 
predominant moUusks in Triassic time, 
1088 ; great increase of, in the Jurassic 
period, 1116 . 

Laminee, 634, 860 

Lamination, 136, 636 ; contorted, among 
regular strata, 687 

Lamna, 1178, 1226*, 1266, 1269, 1289 
Lamnodibs, 987 
Lamprophyre, 219, 220 
LaTiarkia, 942 

Land, traces of the most ancient, 21 ; area 
of, on globe, 47 ; average height of; 48, 
4^ ; greatest height and deepest hollow • 


on, 49 ; contours or relief of, 50 ; coast- 
lines of, 54 ; surfaces of, why rare among 
geological formations, 388 ; indications of 
former greater elevation of, 391, 1302 ; 
preservation of remains of flora and fauna 
of, 826; 832 ; surfaces of, recorded by 
fossUs, 838, 987, 1006, 1073, 1098, 1303 ; 
chiefly formed of marine sediments, 1364 ; 
owes its existence to displacement, 1364 
Landenian, 1234, 1286 
Landscape-marble, 649 
Landslips, caused by earthquakes, 372, 480 ; 
from action of underground water, 480 ; 
varieties of, 480 ; influence of, on rivers, 
493 

Langhian Stage, 1267, 1270, 1271 
Laodon, 1169 
Laopteryx^ 1127 
Laornis, 1179 
Xtoosaunis, 1159 
Lojotira, 912 
Lapilli, 172, 273 
lapxoorthv/ra, 939 

Laramie (Lignitic) Formation, 1214, 1^4 

Larch, fossil, 1338 

Lams, 1254 

Lasanius, 942 

Lasiogmphcs, 938 

Lastrma, 1245, 1251 

Laterite, 169, 467 

Laterisation, 169 

Latian volcanoes, first eruptions of, in Plio- 
cene time, 1292 
Latite, 228 

Laurdalite, 221, 228, 707 
Laurel, fossU, 1165, 1204, 1276 
Laurentian rocks, 868, 876, 878, 882, 902, 
903, 904 

LawrophylMm, 1165 


JUaurus, 15206 , 1230 , 1247 , 1262 , 1292 

Lauxvikite, 217, 707 

Lava, definition of, 272 ; general characters 
of, 272 ; not always emitted in an erup- 
tion, 285, 291 ; hydrostatic pressure of, 
286, 296 ; varying viscosity of, xii relation 
to force of explosions, 294 ; outflow of, 
296 ; large subterranean reservoirs of, 
298; form of surface of, 299; rate of 
flow of, 800 ; tunnels in, 300, 307 ; size 
of streams of, 300 ; varying liquidity of, 
301 ; clinkers of, 302 ; crystallisation 
oj^ 802; temperature of, 804; inclina- 
tion and thickness of streams of, 305; 
structure of streams of, 306 ; vapours and 
sublimations of, 307 ; slow cooling of, 
807, 810 ; effects of, on superficial waters 
and topography, 308; weathering of, 
310 ; coues or domes of, 328 ; submarine, 
839, 341 ; sandstone dykes in, 666* ; in- 
tercalated in geological formations, 768, 
769, 761, 880, 910, 986, 982, 1001,fl008, 
1041, 1043, 1064, 1262 ; ancient sub- 
marine, 766* ; ancient subaerial, 768* 

Lava-cones, 328 
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Lmia, 1024, 1031 
1089 

984 

Lvth. {NtfafUma), 940, 1231, 1310 
“ Lc<la (Yoldia) Myalis 1281, 1288 
LLMlursclikiftjr (Silurian), OTf) 

“ LooHoito ” in glaciation, 1304 
hynniiotm, 1094 ^ 

Lciot/on, 1175, 12K5 - 

Lemming iii Glacial IVriod, 1315 ; in tlie 
Palm.ozoic fauna, 1354 

“ Lcniuiiii,” a HUpposed former terrestrial 
area, 390 

Ijemiiroids, fossil forms of, 1227, 1229, 
1237, 1243, 1255 

lieuliam lleds (Pliocene), 1281, 1282 
Lcnitiu 1237 

rje(^l»ard in Glsicial Period, 1317 ; in Palceo- 
litliie time, 1353 
D'jnnftirrhtit,% 938, 957 
941 

940, 941, 985, 1023, 1031 
910 

Lcintht.sli'i\ 939 
Li'/titltnYufnfs^ 984 
1021 

L(*phhH\oleiti^y 941 

fjclJidodendra Jis character is tic fossils, 837 ; 
i-arliost traces of, 930 ; Carljouiferous de- 
• vvlnpmcnt of, 1028 

991, 1002, 1020, 1028, 
H)29-, 1000, 1085 
Leimlulile, 100 

1028 

L‘ 'jti> ff/th >//!(• 1 035 

Li'lMuptiM^is^ 1 085 
1258 

1028, 1029^ 

Ln'phhitustiuniiin 1071 

LepUiutm, 1089, 1122, 1173 

Iqmitin, 1277 

I,i'p(iii'i'rnthci’I um, 1249 

UptiViUi, 933, 939, 980, 1022, 1078, 1130 

LvptauchiMiUU 1249 

Iji'pfvlUx, 915 

Leptimdite, 780 

Jrpfohotij 1207 

Js*i)toc.liloritcs, 106 

T^cuLoclascs, 668 

986 

leptmUm, 1278, 1295 
XtCvUtijraptm^ 038 * 

1122, 1144 

Jii'pfophft'mn^ 1002 

IcptnptihiH, 1297 
Lephn'mftni^ 1243 
Leutynite, 258 
Lepm, 1298, 1297 
licttenkohle, 1090 

Lcueite, 100, 147, 237 ; artificial production 
of, ^04, 413 
Loucite-basalt, 237 
Leucite-basajEdte, 237 
Leueite-pliotiolite, 227 

VOL. II 


Lciulti-ti-phriti-. 237, 239 ; artificial pro- 
<!in’:iiu' of, 104 
Leucite-tracliyte, 228 
Leucoxene, 97, 147, 791 
Levantine Stage, 1294 
Level-course in mining, 671 
Lewisian gneiss, 882, 883 ; dykes of sand- 
stone in, 065* ; stratigraphical position 
of, 793* ; early deformation of, 794 
Llierzolite, 241, 243 ; metaiiiorpliism by, 
784 

Lias, sections at base of, 049*, 652* 1094 ; 
metamorphism of, 784, 803 ; account of, 
1131, 1132, 1151, 1155, 1156, 1158, 
1169, 1100, 1161 
Libeihdcif 1133 
Libocedrm, 1257, 1262 
Liburnion Stage, 1240 
LicJiapygc^ 922 
Lichm^ 941, 985 
LicJienoides, 912 
Lichens, solvent action of, 598 
Life, organic, as a geological factor, 597 
Ligdrien, 1196, 1200 

Light, polarised, in petrogiuphical research, 
126 

Lightning, geological action of, 432 
Lignilites, 420 
Lignite, 182, 184 
Ligurian Stage, 1258 

Lhm, 1078, 1096, 1116, 1117*, 1169, 
1282, 1261 
Umax, 1287, 1362 
Limburgite, 240, 243 
Lime, proportion of, in earth’s crust, 87 

carbonate of. Sec Calcium carbonate 

phosphate of. See Calcium phosphate 

sulphate of. See C>aleium sulphate 

Lime-silicate rocks, 251 
Limestone, crushing strength of, 71 ; im- 
purities of, shown on weathered surfaces, 
110, 454 ; crystalline stnictilre of, due to 
infiltration of calcite, 156, 176, 178, 474, 
617, 624 ; of organic origin, 17^, 626 ; of 
chemical origin, 190 ; hydraulic, 190 ; 
fetid, 191 ; crystalline, 250 ; heat evolved 
by, in crushing, 40 i ; experiments in 
crystallisation of, 402 : ex2)eriinents in 
deformation of, 421 ; couvei-j'ioii of, into 
dolomite, 426 ; formed by percolating 
rain-water through calcareous sand, 444 ; 
solubility of, in carbonated water, 451 ; 
rate of waste of, 452 ; weathering of, 454 ; 
fresh-water, 525, 605, 611 ; sometimes 
formed of calcareous silt which has been 
triturated by worms, 601 ; formed by 
shell-banks, 613 ; formed by corals, 615 ; 
distribution of, 616 ; consolidation of, 
c();i.ii:ivativcly rapid, 624 ; commonly 
{('..fiu-iiiicd w iih sliale, 650 ; persistence 
of, 661 ; joints in recent coral-, 660 ; 
alteration of, into marble, 772 ; Kearch of, 
for fossils, 852 ; lenticular character* of 
PaliBozoic, 956 
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Lhnufta, 1214, 1238, 1250, 1270, 1284, 
1333, 1352 
lAninerpdmi, 1068 

Limouite, 96, 169, 186, 187, 194, 612 
Liinopsis, 1088, 1282, 1261, 1267, 1283 
forms of, 915, 940 
s' '■/. 985 
Lindostmmid, 955 

Uiigiaa, 939, 948*, 962*, 985, 1022, 1031, 
1071, 1096, 1136, 1183, 1283 
Lingula Flags, 921 
Linguldla^ 914*, 915, 921, 945 
Lingidepis^ 915 
T.:>, .7.* ’057 

L.,' ■■ >.■ 915 

. 915 , 950 

Linuni, 1257 
Idocardiumf 1244 
Lioceras, 1138*, 1139 
Lioceras opalinum, Zone of, 1138, 1139 
Lion, in Glacial Period, 1317, 1336 ; in 
Palseolithic time, 1353 ; in Neolithic 
time, 1358 
lAostracus^ 915 

Lipari Islands, volcanic literature of, 276 ; 
petrographical sequence in eruptions at, 
350. See Stromboli, Vulwino, Vulcanello 
Liparite, 210 ; forms domes, 329 ; artifici- 
ally formed, 406 
lAparoc&raSi 1133 
Liparoeeras Henleyi, Zone of, 1133 
Liquid vesicles in rocks, 143, 144* 
Liquidavihar, 1231, 1262*, 1276, 1292 
Liriodendron^ 1230 
Lithia-mica, 100 
Lithionite, 101 

lithium, proportion of, in outer part of 
earth, 83 ; combinations of, 87 
Zdthocardium, 1237 
lithoclases, 658 
Lithoid, 128 

lithological characters 'as a basis of strati- 
graphlcal classification, 656 
lithology, 82, 140 
Tithophy^e. 132, 211, 718 
Lithot'ms, 1226 

Lithosphere, characters of the, 47, 82; 

deformation of, 874, 880, 381, 386, 887 
Lith^fstrotion-, 1017*, 1021 
1201, 1268 

LitopternOi 1278 

Lit’paT-lit permeation by granite, 728, 780, 
781 

Zitfoi'im, 1163, 1286, 1333 
Littorina Period or Group, 1333 ; migrations 
of plant*? in, 1861 

‘1-20, 940, 962* 

Livingstone Formation, 1214 
Lizards, fossil, 1271 
Llandeilo Group, 945, 946 
liandoverj^ Group, 945, 953 
“ lianvirn Group,” 946 . 

Loam, 168, 460 
LoTntes, 1089 


Lodes. Mineral veins 

Loess, 169 ; character and distributiou of, 

439, 1361 ; theories regarding origin of, 

440, 460, 1352 ; place of, among Palajo- 
lithic deposits, 1351 ; fauna found fossil 
in, 1352 ; alleged human I'ernains from, in 
Kansas, 1361 

Loga/ioi/rajitus, 932, 946 
1133 

L.iiar Ljkc. 825 
Loiichopteris, 1035, 1085 
Londiuiaii or Ypresian, 1234, 1235 
London Clay, 1229, 1231 
Longmyndian, 896 
Longobaialian Group, 1106 
Lougiilites, 148 
Lonsdalekif 1021 
/. .. 1227, 1234, 1255 

L‘ I..--. .../ ■. 1249 
Lojth i nsfom 1192 

Lormithns^ 1246 
Lmdolmter, 984 
Lbssmiuichen, 439 
Lotori^HVii 1282 
Loup Fork Beds, 1273 
Zovema, 1246 
Low-water mark, 557 
Zoxom'as, 940, 986 
ZoxchIou^ 1297 

,7 i Uintathemm)^ 1220 

A/.- / . 

Zoxauema, 959, 986, 1023, 1078 
Lucerne, Lake of, 510 

Ziteina, 1078, 1183, 1209, 1225*, 1253, 
1267, 1277 

Ludian (Focenc), 1234, 1237 
Ludlow Grouj), 94,5, 953, 959 
Zudioiguij 1138*, 1139 
Ludwigia Mui-chiHonm, Zone of, 1138, 
1139 

Zvuii(x,f 1133 
Lumachelle, 177 
Lustre of rooks, 139 
Lixstre-mottliug, 139 
Lutetian, 1234, 1236 
L%tm, 1264, 1285, 1287, 1297 

LjjchnuH, 1202 

L^icophrie^ 1267 

Lycopods, some coal mostly formed of, 
183* ; fossil, 837, 936, 991, 1002, 1026, 
1028, 1029* 

LycosauniM^ 1090 
Zyeymm^ 1296 
Lydian stone, 167, 172, 249 
T.v.rto. v.r 

,.103,5 

LyifotUim^ 1165, 1224 
Lynton group, 989 

Lynx in Glacial Period, 1317 ; in Palicollthic. 

time, 1353 
Zyiu^ 1168 
ZyrUt^ 1232, 1257 
Zynoc-riniiSj 938 
I Zyrode&ma^ 940 
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Liitoceras, 1100, 1119, 1133, 1136*, 1138*, 
1139 

Lytocem jiirenHe, Zone of, 1183 
Lytohma^ 1231 
Lyttonia, 1022, 1078 

jl/arfwww, 1293, 1297 
Miicealubaa, 318 
Machn'mcanthus^ 988 

MiicJiivnKln^, 1263, 1278, 1287, 1294, 1296*, 
1297 

Mackerels, fossil, 1258 
Mt^clw'ca, 915, 940 

Macoina [Telliiutl 1284, 1299, 1316, 1380* 
Macroceplmlit-ea, 1138* 

Macrucophalites macroceplialus. Zone of, 
1138 

Maorooeplifilites subcontractus, Zone of, 1188 

MdcmchfUidi^ 940, 986, 992 

MdcrocJu/vda^ 1023 

MacT0Gypri% 941 

MacrotiysicUa^ 912 

Mrj^'odon^ 1078 

Maotmm'ioii, 1068 

Macronierite, 128 

Maci'mes, 1298 

988 

1173 

MiwropiiSn 1299 
Muci'osctiph I f(‘8f 1172 
Macroscopic characters of rocks, 109, 127 
MtttrosmmSj 1147 
Macroatadiyay 1012, 1028 
Macro -structural, micro -structural, meta- 
morpliism, 766 
' •.1/^,1109,1183 

.1/ 1-^63 

Macrura, aupposefl fossil, 1024 ; Triassic, 
1087 ; JuriisHic, 1119 
Mactm, 1216, 1246, 1268, 1277 
Mtithypuro^ 1242 
Maentwro^r Flags, 921 
Maestricliticu, 1196, 1202 
Magas, 1168 
MagmvJla, 1245 
Magdaleniau Series, 1349, 1866 
Moin'Kania, 990 
Magellanian Series, 1244 
MagUa, 1119 

Magma, witbili the earth, condition and 
temperature of, 72 ; Durocbor’s specula- 
tion as to the distribution of, 88 ; differ- 
entiation in a, 303, 860, 710, 712, 713 ; 
sequence of r'otrocrr.i^hio types emitted by 
a, 339, 349, •'>r; ; source of eruptive 

energy in, 368 ; views as to the constitu- 
tion of, 718; separation of ores from a, 
808, 810 

Magma-basalt, 240 

Magmatic ores, 808 

Magnesia, carbonate of, 107, 176 

Magnesin-niico, 101 

Magnesian limestone, 193 

Limestone (Permian), 1070, 1071 


Magnesium, proportion of, in outer part of 
earth, 83, 87 ; combinations of, 85 
Magnesium-bromide in sea-water, 46 ; -in salt 
lakes, 529 

Magnesium-chloride in sea-water, 46; pro- 
motes subsidence of sediment, 492 ; in 
bitter lakes, 629 

Magnesium-sulphate in sea-water, 46 ; in 
solution promotes subsidence of mud, 492 
Magnetic iron-ore, 96, 195 ; artificial, 413 

pjjites, 108 

Magnetism of rocks, 115, 140 
Magnetite, 96, 195 

Magnolia, 1166, 1223, 1262, 1263* 1276 
Malacolite, 102 
Malacolite-rock, 251 
Malaptera, 1149 

Malay Archipelago, 61, 271, 278, 312, 814, 
841, 347 
Malignite, 222 
MaZlotiis, 1844 
Malm or White Jura, 1158 
Maltha, 186 
Malvern Quartzite, 923 
Mammalia, palseontological value of^ 883, 
1220 ; fossil forms of, 1083, 1091, 1127, 
1128* 1147, 1179, 1226* 1228* 1234, 
1235* 1248, 1263, 1264* 1265*, 1273, 
1278* 1279* 1295*, 1296*, 1299, 1816*, 
1317*, 1353* 1354*; considered as a 
basis for stratigraphical classification, 
1220, 1234, 1243, 1248, 1278, 1290; 
great advance of, in Tertiary time, 1222, 
1226, 1291 ; effect of Glacial Period on, 
1222 

Mammdtes, 1172 

Mammoth, 1815*, 1316 ; preservation of 
carcases of, in frozen soil, 825, 830, 1339 ; 
climate indicated by, 834 ; in the Palaeo- 
lithic fauna, 1850, 1364 ; tusk of, carved 
by cave-men, 1364* ; Age of, 1365 ; ex- 
tinction of, 1356 

Man, limited experience of, in geological 
history, 261 ; influence of, on river dis- 
charge, 485, 516; considered as a geo- 
logical agent, 630 ; influence of, on 
climate, 681 ; on flow of water, 631 ; on 
surface of the land, 631 ; on the distribu- 
tion of life, 632; fossil relics of, 825, 
1348* 1365* ; antiquity of, 1347, 1869 
Manchhar Group (Sind), 1272 
Manganese, proportion of, in outer part of 
earth, 83 ; oxides of, 84, 97 ; combina- 
tions of, 86 ; precipitation of hydrate of, 
on sea - floor, 680 ; excessively slow 
accumulation of, in ocean abysses, 584 ; 
coucretionaiy forms of, 686 
MangUia, 1245 

Mangroves, conservative influence of, 603 ; 

swamps of, 609, 1018 
Mania, 1272 
Manticoaeraa, 994 

Maple, fossil, 1165, 1225, 1276, 1287 , 

Marble, 392*, 260 ; artificial production of, 
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402 ; experiiiienth on defox’niation of, 421 ; 
corrosion of, by rain, 449, 451 
Marcasite, lOS, 135 ; as petrifying meilium, 
831 

Marcellas Group, 997 
Mare’s tail, fossil, 1273 
Jlaretia, 1237 
Margarodite, 100, 254 
MarfjbieUa, 1232, 1261 
Marginidina, 1133, 1166 
Marl, 177, 524, 525, 605, 607, 613 
Marl Slate (Permian), 1064, 1068, 1070, 
1071 

Marlstone (Lias), 1182 
Marine denudation, comparative rate of, 
598 ; iinal result of, 594 ; plain of, 595 
MariopteriSf 1026, 1065 
Marmarosis, 250, 772, 791 
Marmolite, 105 

Marmots, fossil, 1254, 1278, 1336, 1852 
Marquette Series, 904 

Marsli-gas, or Metliane, in rocks, 86, 142, 
185 ; at volcanic vents, 268, 270 ; at mud- 
volcanoes, 818 ; in coal-mines, 427 
Marsh marigold, fossil, 1276 
Marsi^cnnus, 957 

Marsupials, fossU, 1127, 1128*, 1179, 1227, 
1234, 1249, 1278, 1299 

MarsujtiteSf 1168 

Marsupites testudinarius. Zone of, 1182 
Marten, fossil, 1249, 1287 
^fartimay 994 

Martinique, volcanic action in, 266, 278, 285 
Massif of mountainous ground, 52 
Massive eruptions, 842 

Books, 195 

structure, 186 

Mastotlm, 1259, 1263, 1264*, 1278, 1294, 
1295, 1297 

Masiodonsavmst 1089 
Matawan Formation, 1211 
Matonidiwiii, 1185 
Mauch Chunk Series, 1061 
Mauimurusy 1218 
Manna Loa. See Hawaii 
Mayencian Stage, 1270 
May-flies, fossil, 1008, 1083 
May Hill Sand^oue, 954 
Meckleuhnrgian Epoch in Glacial Period, 
1313 

Medina Group, 977 

Mediterranean,' variations of level of, 48 ; 
salinity 44 ; submarine eruptions in, 
833 ; earthquakes of; 368, 876 ; proofs of 
oscillation of level in, 382 ; xipheaval in 
basin of, 886 ; dust showers or blood rain 
of, 444 ; level of, raised by wind in Bay of 
Naples, 446 ; lagoon barriers of, 513 ; tides 
in, 556 ; depth of wave-action in, 662 ; 
Trias in basin of, 1104 ; Jurassic, 1156 ; 
Cretaceous, 1206 ; Eocene, 1238 ; Oligo- 
cene, 1259 ; Miocene, '1271 ; Pliocene, 
1290 

Mediterranean Stage (Miocene), 1269, 1270 


Medlicottia, 1067 
MedullosOi 1066 
Medusae, fossil, 831, 911 
Medusina, 912 
Medusites, 926 
Meekella, 1080 
Meehia^ 1216 
Meehocei'as, 1089 
Megftceros, 1334, 1355, 1358 
Megacystites, 938 
Megalanteris, 986 
MegcdaspU, 968 
Megalaspis-Liinestone, 969 
2Iegaht8ter, 1245 

1026, 1031 
.!/. '.■85* 

MegaloduSf 1088 
Megalomus^ 968 
Megalonyx^ 1299 
Megalojgteris, 1002 
MegaZosaunis^ 1123*, 1126, 1173 
1155 

Megaphyliitea^ 1089 
Megaphyton, 1026 

Megascopic characters of rocks, 109, 127 

Megatherium, 1361 

Meionite, 104 

Melampus, 1282 

Melanatna, 1225* 

I'ln’ti /f j 1068 

1202. 1225*, 1248, 1270, 1292 
Melanite, 222 
Melanoides, 1270 

Melanvpsis, 1147, 1185, 1202, 1230, 1250, 
1291 

286 

Me o-rM 1191 
Meles, 1293 
Meletta, 1258, 1270 
Melilite, 238 
Melilite-basalt, 238, 239 
MeHivora, 1297 
Mellivorodoii, 1297 
Melodon, 1098 
MelocHnus, 938, 984 
Melmechinus, 1021 
MeloiiUes, 1021 

Meltingq-io’iit. raised by pressure, 58 
Melting of rocks in contact-nietamorphism, 

M&nihranipmi, 1168, 1237, 1277 

Menaccanite, 96 

Menacodcni, 1159 

Meneceras, 992 

Menilite, 1238 

Meniscodm, 1237 

Meniaec^me, 1180 

Menmeotherhm, 1243 

Menominee aeries, 904 

Meretrix, 1226, 1247*, 1263, 1800, 1831 

Meftyusy 1297 ^ 

Meirianopteris, 1085 

Meriata, 986 

Meriatella, 949, 986 
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Meristina, 940, 962* 

IVteroHtoniata, fossil, 941, 9r»8, 1005, 1024 
Merijchytis, 1273 
^^i'i\uc<tcha'nts^ 1273 

1 297 

Mi'sucanthus, 1004*, 1005 
Mmih’a, 1238 
Mesas, 1387 
Mi'mhluttim, 1133 
Mesoiljictylo, 1220 
MmHfnn, 1122 

1249, 1273 
Mfsnlitliic, 1349 
Mcmuy,i\ 1243 

J//W7j/7//#vvw, 1278, 1279* 1295 
■(/(/«//, 1240 

Meaozoit*, delinitioii of term, 861 ; formations, 
1081 

Messiriiaii Stage, 1278, 1291, 1292 
Metachemic clmnges, 765 
Metaorasis, 765 

Metallic salts, pvori]iitation of, 1073 
M^tilloids in earth '.s crust, S3 
Mfljinnn'iihio rocks, general characters of, 
158 ; account of, 244 

Mctamovphisni, definition of, and conditions 
detonijiuing, 353, 424, 765, 787 ; terms 
applied to various forms of, 765, noU; 
of igueons rocks important in study of 
the subject*, 766, 785 

of contact, 247, 248, 250, 428, 730, 

766 ; conditions determining, 424, 765, 
760 ; examples of, 167, 172, 260, 255, 
257, 309 (recent lava), 736, 766-785, 
797 ; succession of mineral zones in, 797 

regional or dpiamical, 245, 246, 247, 

251, 429, 786 ; linked with igneous action, 
429 ; conditions required V.* n— ‘rh-'*t:on 
of, 353, 787 ; mineral s.- o 

observed in, 789 ; new minerals produced 
in, 791 ; similarity of mineral sequence in, 
to that in contact- motanornbi'im, 791 ; 
examples of, 170, 171, 792, 798, 970, 
976-805 ; summary of phenomena of, 805 ; 
as displayed by the Lewisian gneiss, 883 
Metamifmhn, 1249 
Maplasia, 986 
Metasomatosis, 765 
Metiistauis, 765 
Metaxito, 105 

Meteoric water, alteration of rocks by, 166 

Meteorites, 16, 18, 19, 33 

Meteoritic riu^, 14, 33 

Methano, eruption of, 327 

Methane. Str Marsh-gas 

Methylosis, 765 

Metis Island, a recent volcano, 335 
MetopUts, 1089 
Ahtoptomaf 940 
Metri^hyncJiiMf 1146 

Mexico, geological map of, 11 ; volcanoes of, 
280 

Meximienx, Pliocene flora of, 1276 
d/mc/s, 1229, 1243 


Miarolitic structure, 134, 151, 204 
Miaskite, 221 

Mica, 100, 109, 254 ; abundant as a product 
of luetamorphism, 428, 773, 790, 792 
Mica-andesite, 229 
Mica-psamuiite, 165 

Mica-schist (Mica-slate), 245*, 249* 254, 
259 ; in contact-metamorphism, 779, 780 
Mica-trap, 219 
Micaceous, 137 

lustre, 100 

Micacisation, 790 
Mkhelinia^ 984, 1021 
Micheitzia^ 926 
Mkmster, 1167* 

Micrasters, zones of, 1182, 1192, 1193 
2^1 krohctcia, 1167 
Mlcrdbrachis, 1068 
^ficroi^icmis, 1227, 1234 
Microcline, 98 
Microcrystalline, 128 
Microcrystallitic, 152 
2Ii crodefruemtSt 1152 
2lict'odktyon, 1185 
Microdiscfits, 912* 914, 926 
Microdon, 1122, 1147 
Microfelsitic, 152, 154 
Microgranite or 209 

Miorogranitio ’M- ■r.fd'. 128, 151, 
196, 205, 208 
Microgranulitic, 196 
Mici^olestcs, 1091 

Microlites, 89, 142, 148, 149* 152, 196 ; 
in clay -slate, 171, 778, 792; artificial 
production of, 404, 414, formed in con- 

M: “ i' ; felt, 228 

Micromerite, 128 

Micropegmatitic 128, 

129* 132, 151, VoZ, Ih'o, lili 
Microperthite, 204 
yrkrttplioik. 1000 
Micropoikllitii*. 129 
M It I'lijini'ti . 11 OS 
Microscope, petrographical, 124 
Microscopic characters of rocks, 119, 140, 
150 

Microsphevnlitic, 152*, 153 
Mmusyops^ 1229, 1243 
Microtm^ 1285, 1386, 1855 
Microzoa, directions for search for fossil, 
850 

Midford Sands, 1131, 1188 
Milfoil, fossil, 1276 
Miliola, 1236 
MUUrkrin m, 1114 
Millerite, 87 
Millipedes, fossil, 1032 
Millstone Grit, 1047 
MUvm, 1254 
2Simocem8^ 986 
Mimosa, 1262 • 

Minerals, rock -forming, 88 ; essential, 89; 
accessory, 89, 90 ; wide dififusiou of heavy, 



1446 


TEXT-BOOK OF GEOLOGY 


in sediments, 90, 163, 179, 792, 891, 
1190, 12S4 ; secondary enlargements of, 
142,. 162, 166 ; artificial production of, 
418, 428 ; formed by contact - meta- 
morphism, 772 

Mineral -characters insufficient to fix geo- 
logical chronology, 836 
Mineral-springs, 469, 471 
Mineral-tar, 186 

Mineral-veins or lodes, 91, 812 ; variations in 
breadth of, 818 ; structure and contents 
of, 814 ; successive infilling of, 815 ; 
occurrence of pebbles and fossils at gi'eat 
depths in, 816 ; connection of, with faults 
and cross- veins, 816 ; age of, 817 ; rela- 
tion of contents of, to surrounding rocks, 

817 ; decomposition and recomposition in, 

818 

Mineralising agents in the crystallisation of 
rocks, 270, 407, 415, 714, 766, 778, 780, 
784, 808 

Mines, usual dryness of deep, 810 
Minette, 219, 220 

Miocene, deWtion of term, 1220 ; forma- 
tions, metamorphism of, 804 ; account of, 
1261 ; geographical changes during de- 
position of, in Europe and North America, 
1261 ; volcanic accompaniments of, 1262, 
1271, 1274 ; flora of, 1262 ; fauna of, 
1263 ; development of, in France, 1266 ; 
in Belgium, 1267 ; in Germany, 1267 • 
in the Vienna basin, 1268 ; in Switzerland, 
1270 ; in Italy, 1271 ; in Greenland, 
1271 ; in India, 1272 ; in North America, 
1272 ; in South America, 1273 ; in 
Australasia, 1274 
1243 

Miodo7if 1287 
MiolabiSj 1273 
MioLania^ 1218 
“ Mio-pliocene deposits, 1267 
Mississippi River, 484, 486, 492, 495, 502, 
607, 512, 616, 618, 588, 689 
Missouri River, 484, 486 
Mitra, 1201, 1226, 1242, 1261, 1263, 1283 
MUrodmm, 939 
Mixodectes^ 1243 
MiicosaimiSf 1089 

Modiola, 1023, 1116, 1118* 1169, 1231, 
1256, 1284 
Modiolana^ 1233 
ModkHaidea, 916, 940 
Modiolo^psis, 922, 947, 962* 

Mofettes, 268, 814 
“Moine-schist,” 796, 892 
Mojsvariies^ 1107 
Molasse, 1258 

Mole, geological action of, 601 ; first appear- 
ance of, 1249 ; fossil, 1287 
MoUusks, boring habits of, 601* ; protective 
influence of some, 604 ; great value of, as 
fossils, 832 ; some forms less enduring 
than mammals, 833; earliest pulmoni- 
ferous, 1003, 1013, 1033 ; began in 


Carboniferous time to lU'eponderate over 
the brachiopods, 1022 
Moluccas, volcanoes of the, 277 
Moncbiquite,.104, 238 
Monkeys, early forms of, 1227, 1229, 1264, 
1271, 1278, 1295 
Monmouth Formation, 1211 
Momholina^ 945 

Monoclines, 674 ; relation of, to faults and 
overtbrusts, 691 ; to physiographic feat- 
ures, 1367 
J/onocZown/s', 1217 
Monocotyledons, fossil, 1165 
Monogeiie volcanoes, 322, 324 
Monogra 2 >tii 8 , 935*, 938, 954 
Monongahela River Series, 1061 
Monopleurids, characteristically Cretaceous, 
1170 

Monotis, 1088, 1161 
Mouotremes, fossil, 1127, 1179 
Montana Formation, 1214 
Monte Nuovo, 276, 279, 290, 320 
Monte Vulture, 832 
937 

Mcluieii, J19ti. 1201 
Mmitlivcdtia, 1086, 1114 
Monzoni, eruptive rocks and coutact-meta- 
morphism of, 217, 774 
Monzonite, 217 

Moon, density of, 15 ; history ol‘, 31 
Moorband-pan, 187, 476 
V.-a-rr 546, 1309, 1331, 1334 

Vi ,'•..*1 . ...V i; "h \ 546 
Moraines, 546, 1321 

terminal (End-moraines), 1305, 1330, 

1332, 1334, 1341 
1150 

Men'osaunui, 1126 
Morse, fossil, 1316 
Morte Slates, 989 
Mortonicmis, 1213 
Mosasauru^, 1175, 1202 
Moschua, 1297 

Moscovian (Carboniferous), 1051 
Moselle, River, 490, 508 
Mosses, accumulations of, 606 ; precipitate 
silica, 609, 610 ; precipitate lime, 011 
Motacilla, 1254 

Mountains, definition of term, 60, 1381 ; 
types of, 50 ; exaggerated conceptions of 
angle of slopes of, 52 ; colossal size of the 
youngest, 76 ; chains of, as scats of eartli- 
quake movements, 368, 870; tkoory of 
uplift of, owing to rise of isogeo therms, 
393 ; Tertiary upheaval of, 1261 ; evi- 
dence of slow uplift of, 1297, 1375 ; types 
of structure of, 1367-1375 ; influenco of 
internal structure on external forms of, 
1379, 1384 ; connection of, with hot- 
springs and volcanoes, 1872 ; stag^ in 
uplift of, 1372 ; history of, illustrateu by 
that of the Alps, 1373 ; connection of, 
with earthquakes, 1374 
Mount Keuia, 905 
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Mousis fossil, 1‘278“, liil7 
Monsteriaii Herius, 1349 
Mini, 108 
Mini -COUCH, 3iiS 
Mua-luvii, 271, 311 
iMua-lumi).s," ,') 12 , 615 
Miulstoiic, 169 
M ml- volcanoes, 317, 32S 
Min‘mni<las anc<*st.ors of tin*, 1173 
Murrlusonht^ 923, 947, 986, 1023, 1066 
jV/z/VM-, 1187, 1231^1248, 1263, 1291 
Mnriatezl waters, 472 

J/ZZ.V, 1287 

J/zzwz-, 1231 

Muschelbilk, 1097, 1102, 1106 
Muscovite, 100 
Musk-deer, fossil, 1271 
Musk-rat, lirst zippcjiraucu* of, 1249 ; fossil, 
1317 

Miisk-sli(*(*i», fossil, 1315, 1358*; former 
southern inif^Talions of, 1317*, 135,5, 1358 
il//z.s'/z-/zz, 1254, 1287, 1295, 1297, 1336 
Mj/m 1256, 1286 
Mi/alhia, 989, 1023 
Mf/hftrh\ 1033 

1273 

Mylonitic strueture, 135, 249, 789 
MffitHftuty 1361 
Myliobath, 1226, 1251 
*1/.z/zzzAw, 1354 
J///zw/zz/f*, 1 287 
Mffophoritf^ 1078, 1088 
il/y/zM’/z,v, 1251 

Myriajsxls, f<»ssil, 943, 965, 1003, 1032, 
1033, 1257 

.l///nVzf, 1164, 1257, 1262, 1292 
Mi/rirofihj/Jmn, 1165 

A/f/nnrntfitifs, 1128 
Myrhfs^ 1262 
Afysanfrbtir,, 1249 
Myttlriofuntrus, 1122 

J7//^zVz/zf, 1071, 1146, 1185, 1257, 1268, 
1288, 1333 

Na«eliluh, 1258, 1270 
Xaifh’o/Mh, 1216 
Xmt/ih'it, 1028, 1031 
1089 

Nniuionue/iHn^ 1147 
XitnomyHf 1179 

XauomuruMf 1126 
XuoHauriftt^ 1060 
Naphtha, 185, 818 
Naples, ui)heaval iu Bay of, 882 
Naples fauna (Devonian) of New York, 998 
Napolconite, 132*, 133, 224 
Nad (Iroup, 1241 
Ntjutm, 1246, 1266, 1277 
Natim, 989, 1117, 1119* 1170, 1226, 1260, 
1269, 1277, 1880* 

XaKeella, 1102 
Xat.icopm^ 1023, 1066 
Natrolito, 104 
Natron-lakes, 625 


Nautilus, 1023*, 1067, 1087*, 1088, 1136, 
1172*, 1226 

Nebuhe, composition of, 18 
Nebular hypothesis, 14 
Necks, volcanic, 330, 748 ; independent of 
fissures, 279, 760 ; materials filling, 760 ; 
proofs of subsidence round edges of, 751 ; 
examples of, 751* ; alteration of rocks, 
contiguous to, 763 
Xemimrium, 1187 
Xtu'rngt (MW ar fifty 941 
Xecrolemur, 1237, 1249 
Xirtoteisufiy 1074 
Xnfh4>ay 1194 
Nekton, 827 
Xchimbiiivif 1223 
X^macant/iWf 1094 
XpfiiiiflrajftfiSf 978 
XniuitophycAi^y 936 
NematoiftychifiSy 1 032 
NemdiU'Wy 1287 
XemopU*xil,t\ 1268 
Xeifbalmy 933 

Neocomimi, 1182, 1183, 1196, 1197, 1204, 
1206, 1206, 1207, 1210 
Neogene, 1221, 1259 
XcoUfmJufiy 965 

Neolithic Serie.s, 1847, 1365 ; fauna of, 1366 ; 
<lomo8ticatod animals and cereals in, 1856 ; 
chaiacter of inces of men w'hose relics are 
found in, 1357 
Xcolohite-fty 1206 
Neon in air, 36 
XvoplagUtiilaXy 1243 
Neosho formation, 1080 
Neo-volcanic rocks of Roseubusch, 198 
Neozoic formations, 861, 1220 
Nepheline, 100, 117, 144, 220, 237 ; arti- 
ficial xzroduotion of, 404, 413 
Nepheline - basalt, 237, 239 ; artificially 
formed, 406 
'Nrrtn'hc‘^i;’C-bn«r«i<'e. 287 


Nc:im :»•. 220 

Sju -[.lA.-uyvX,. 237 
Nepheliuite, '237 
Nephrite, 262 
N^hrotvs, 1(»89 

1277, 1280*, 1286*, 1383 
Neptunists, 409, 864 
rnmtea, 927, 939 
Nerioiwaf 1117 
Nei'Uat 1119* 

XeriU'ua, 1216, 1230, 1250 
NerUoiiofitaj 1292 
• Xemimtmy 922 
NesokuXy 1297 

Neudeckian Epoch in Glacial Period, 1313 
Nmim'ip'icb, 1160 
NeuTopteridivw , 1085 

NeiiropteriSy 1002, 1026, 1027*, 1073, 1103 
XeifstiamuriiSj 1089 
Nftiivbsvau 8ub-stasre. 1150 


Nevadite, 210 
NeviS 189, 536 
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y ever i til, 1260 
Newark series, 1110, 1159 
Newfoundland, geological maps of, 10 ; 
elevation of coast ot^, 381 ; pre-Cambiian 
rocks lu, 907 ; Cambrian, 930 
New Hebrides, 336 

New Red Sandstone and Marl, 1084, 1091 
New Soutli Wales, geological map of, 11 ; 
pre - Cambrian rocks in, 907 ; Silurian, 
980 ; Devonian, 999 ; Carboniferous, 1059 ; 
IVias, 1108 ; Eocene, 1245 ; later Tertiary 
formations, 1299 ; ossiferous caverns of, 
1362. ^%•e nlsu Australia 

New Zealand, geological map of, 11 ; vol- 
canic eruptions of, 291, 349 ; gej’sers of, 
315, 317 ; earthquakes in, 372 j raised 
beaches in, 3S6 ; glaciers of, 540 

Pi’e- Cambrian rocks iu, 906 ; Silurian, 

9S0 ; Devonian, 999 ; Carboniferous, 1060; 
Trias, 1108 ; Jurassic, 1161 ; Cretaceous, 
1218; Oligocene, 1261 ; supposed former 
connection of, with South America, 1273 ; 
Miocene, 1274 ; Pliocene, 1300 ; Pleisto- 
cene, 1346 ; former greater size of glaciers 
of, 1346; recent formations in, 1362 
Niagara River, rate of waste of shies of gorge 
of, 459 ; filtered hy Lake Erie, 498 : stnic- 
ture and historj^ of gorge of, 500, 503 
Niagara Shale and Limestone, 977 
Nickel, in meteorites, 16, 87, 93 ; other 
occurrences of, 87 ; proportion of, iu outer 
part of earth, 83 
yiduUtes, 937 

Nile, annual rise of, 482 ; slope of, 486 ; 
chlorine in, 488 ; dissolved mineral 
matter iu, 489, 496 ; rate of subsidence of 
sediment in, 492 ; “ sudd ” of, 492 ; delta 
of, 514*, 515, 517 
yUssonui, 1086, 1112, 1209 
Nineveb, growth of dust and soil at, 
438 

yiiibe, 922 

Niobrara Group, 1215 
yipa, 1223, 1224* 
yipadites, 1237 
yipferella, 911 
Nitrification by plants, 599 
Nitrogen, in meteorites, 17 ; in air, 36 ; 
proportion of, in outer part of earth, 83 ; 
in pores of rocks, 142 ; at volcanic vents, 
269; at mud- volcanoes, 318 
yodosarm, 1020, 1183, 1212, 1242 
yCggemthia, 1077 
ybggerathiopah, 1069, 1079 
Nomenclature, 157, 195-203 ; 

stratigraphic..', b.'.*, 'i!v 
yommnocerits, 1089 
Nordmarkite, 217 

Norfolkian Epoch iu Glacial Period, 1313 
None Stage (Trios), 1101, 1102, 1106 
Norite, 232, 241, 903 
y&rites, 1089 

Northampton Sands, 1131, 1139 

North Sea, a submerged land - surface, 42, 


54, 391, 581 ; nature of fioor of, 581 ; 
formerly filled -with ice, 1305, 1306 
Norw'ay. Sec Scandinavia 
Nosean, 103 
Nosean-trachjte, 227 
Notation, for igneous rocks, 196, 199 
yotharcUift, 1243 
yofhocyon, 1273 
yotiwsn urns, 1098 
yotidaniiH, 1192 
yotosucliUH, 1218 
yototJierium, 1245, 1299 
yotothyris, 1078 
Novacnlite, 172 

Novaja Zeinlja, uprise of, 380, 387 
Nubian Sandstone, 1207 
yudeoerinm, 984 
yudeolitea, 1115 
yndeoapira, 972 

yiicitla, 940, 1022, 1078, 1088, 1117*, 
1187, 1231, 1247, 1273, 1277, 1285* 
yueidana, 940, 987, 1022, 1078, 1136, 
1209, 1231, 1256, 1285, 1316 e 
Nullipor(‘-.sand, 178 

Niillipnres, conservative iiillueni'c of, 603 ; 

form limestone, 605 
Numealte, 105 

Nummulites, characteristic of older Tertiary 
formations, 837 

yvnunuUtea, 1223, 1224*, 1225, 1247, 
1258 

Nunimulitic Limestone, 1223, 1224*, 1239, 
1240 

ynfhef^s, 1147 
yiiraniu, 1068 
yyaaa, 1231, 1252 
yyatia, 1263 

Oak. Sec Querous 
Oamaru Formation, 1246 
Obermittweida conglomerate, 900 
OholeUa, 913*, 915, 945 
Ohohia, 915 

Obsidian, gradation from, into basalt, 137 ; 
characters of, 213 ; minor liquidity of, 
299, 300, 303 ; solfutaric decomposition 
of, 314 
OciuUit, 1251 

Oceans, area of the, 38 ; greatest known 
depth of, 41 ; level of surface of, 
42 : comport in:i of w'ater of, 43 ; 

proliaiih' ;oir.-|ni:y of basins of, 47, 397, 
566, 029, 1365 ; wide diiriision of pumice 
over, 339, 677, 582 ; earthquakes pro- 
pagated from marginal abysses of, 368, 
370 ; seismic elfects on floor of, 376 ; 
effect of subsidence of floor of, 378 ; 
mirrentsof, due to winds, 446 ; movements 
of, 666 ; tides of, 556 ; liMiipenil lire distribu- 
tion iu, 55.S ; nature of hoUoiii of, 55i> ; 
theories as to circulation of, 560 ; 'geo- 
logical work of, 665 ; tran8})ort of sedi- 
ment iu, 676 ; chemical deposits in, 579 ; 
mechanical deposits in, 580 ; abysmal 
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deposits ol’, 585, t>23, 524 ; coral-reefs 
of, 514 ; area of iloor of, covered by 
-l.'lii-.iTii'o-oiiZi'. 624 ; origin of basins of, 

Oceau-currinits, dellectcd by rotation, 22 
Oc.eaiiic islands, mostly volcanic in origin, 
335, 347 
Of'hi'tnt'e^raa^ 1140 
<)(dire, 05, 472, 475 
ihfn,it,ispis^ 1207, 1225*, 1255 

035 

085 

1025, 1055 
1225 

Odonttn’nitlnss or toothed birds, 1170 
ihftmttmtuniiiy lOOS 

1143 

(Kningen Stage, 1270 

010, oil* 

Oil-shale, 184 

O/rosfr/i/iUHittt, 1110, 1144, 1182 
Olcosteplianns gigas, Zone of, 1144 
< ih^ury Shales, 023 
Oftfhtmhf, 005, Oil, 013* 

OitVmmiu (braehioi)od), 1078 
Oldhaven Beds, 1229, 1230 
Ohl Hed Sandstone, volcanic phenomena in, 
348, 1001, 1008, 1010, 1011* ; alternation 
of iMisie. and nciNl eruptions in, 712 ; sand- 
stone-veins in lavas of, 759*; andesite 
plateaux of, 753 ; t*qui valent in time to 
Devonian, 081 ; description of, 999 ; 
formed in inlainl lakes or seas, 1000 ; 
n>eks of, 1000 ; organic remains in, 1001 ; 
in Britain, 1005 
Ohv, 1242 

1107, 1203 
0/<v/<7/o/</(W, 015 
OlvnvUm, Oil* 014, 015 

793* 803, 877, 881, 883, 
800, 90,5, 907, 915, 020, 925, 926 
<')hmidinn, or Upper Cambrian, 915 
915 

OlmuH, 912* 914, 921 
OUgocciie, dciinition of term, 1220 ; fonna- 
tiouH, aceount of, 1246 ; tloi*a of, 1246 ; 
fauna (tf, 1247; in Kuroi)e, 1245, 1249- 
1259 ; in Britain, 1240 ; in t'liince, 1252 ; 
iu Belgium, 1255 ; in Germany, 1256 ; in 
Switzerland, 1257 ; in Portugal, 1268; in 
the Vienna basin, 1259 ; in Italy, 1269 ; 
in Faroe Islands and Iceland, 1260 ; in 
North America, 1249, 1260 ; in Austral- 
asia, 1250; volcanic accompaniments of, 
1252, 1258, 1259, 1260, 1261 
Oligoclase, 99 
1066 

(Uint, 1170, 1267* 1298 
Olivine, 102, 242*, 475 ; artiacial produc- 
tion of, 405, 413 
Oli^ne-Took, 240, 263 
Omonms, 1243 

1144 

Omphacite, 102 


1028 

o 956, 962* 

f ti37, 958* 

(hichus, 942 
Oncoc^raa, 940 
Oneida Conglomerate, 977 
Onondago Limestone, 997 
Onychiopsin, 1198 

f hipt'inH'-'kJii. 1168 

OuydiodeeteSi 1243 
(hiyehodm^ 987, 1013 
Onyx-marble, 191 
Onemutf 940 
Oolite, 191 

Oolitic Formations (Jurassic), 1111, 1131 

structure, 136, 177, 187, 191, 192*, 

617 

Ooze, 177, 178*, 610*, 623 
Opacite, 157 
Opal, 89, 95 
Ophicalcite, 251 

1033, 1068 
t Ijitx \ti ,’f »»•#*#•//,"{. 962* 

Ophileta, 915, 945 
OphitM'tphulm, 1298 
Ojihiottcras, 1161 
<>phioiloc.era8, 940 
Ophiopm^ 1198 

Ophite, 15-3, 233 ; metamori)hism by, 784 
Oj^hitic structure, 151, 152*. 196; artiacial 
inroduction of, 406 
Ophinm, 984, 1133 
Ophivrind, 984 
Ophiuroids, fossil, 939, 984 
Ophthrilmosmmis, 1145 
OppcHa^ 1119, 1138 
Oppelia discus, Zone of, 1138 
Opisthomyaonj 1258 

Opossums, fossil, 1227, 1234, 1249, 1254, 
1271 

OmcoihUi 1179 
Orblcuki, 929 

Orbicular structure, 132*, 133, 725 
(ii'biaidoiLlai, 939, 985, 1022, 1031 
Orbit of the earth, 23 
Orhitoides^ 1242, 1258, 1267 
Orbitoitio Group (Eocene), 1242 
0^itoH7U(,, 1166 

OrhUolUes, 1237 
OMtrmites, 1022 
•OrbuUnci, 1086 
Ordovician, 917 
Orecw, 1297 

Ore-deposits, 807 ; magmatic, 808, 810 ; 

formed from solution, 809 
Orgaitic acids as geological agents, 450, 469, 
598 ; reducing power of, 598 ; solvent 
power of, 117, 598 

Organic detritus, microscopic characters of, 
165* 

Organic matter, iu tbe air, 37 ; in the sea, 
47 ; in rain,. 449, 450, 451 ; in spring- 
water, 469 ; in soil, 469 ; in rivers, 492 
Organic types, varying longevity of, 832 
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Organically-formed rocks, 159, 175, 443 
Organisms, slow rate of variation of, 74, 77; 
in volcanic ejections, 276, 827 ; evidence 
fpoifa, in proof of upheaval, 381 ; petri- 
faction of, 474 ; place of, as geological 
agents, 697 ; conditions for entombment 
of, on land, 825 ; in lakes, peat, and 
deltas, 826 ; in caverns and deposits of 
mineral springs, 827 ; in the sea, 827 ; 
causes of rapid destruction of, 828 ; cou- 
ditions for preservation of remains of, 
829 ; relative durability of, 829 ; relative 
palffioutological value of, 881, 836 ; 
marine, of greatest geological importance, 
831 ; evidence from distorted or dwarfed 
forms of, 834 ; indications of climate from, 
834, 1222, 1224, 1247, 1262, 1275, 1278- 
1280, 1315 ; indicate geological chrono- 
logy, 835 ; evolution or geological order of 
succession of, 835, 845, 934 ; examples of 
ancient migrations of, 858 
Oreodon, 1249, 1266, 1273 
Oreodon Beds, 1260 
Oreojpithecfus^ 1264 
OriskanicL^ 986 
Oriskany Sandstone, 997 
Ornitliocheiriis^ 1176 
0,'n!!hoi,6U, 1144, 1173 
Oruitho'aiirs 1123 
OmithosucJms, 1090 
Ornithotarsus, 1176 
Orogeny or mountain-making, 392 
Orohippus, 847, 1243 
Orometopiis, 922 
OrtliacanthuSj 1026 
OrtJiaulaXj 1272 

Orthis, 914*, 915, 939*, 948% 989, 1022, 
1078 

Orthite, 103 

Orthoceras, 914* 916, 939*, 940, 962% 974, 
986, 1023*, 1066, 1088 
Orthoceras- Limestone of Scandinavia, 969 
Orthoceratites as chai’acteristic fossils, 837 ; 
earliest types of, 914* 940 ; extinction 
of, 1083 

Orthochlorites, 105 
OrthoddariSf 1168 
Orthoclase, 98 
Orthoclase-rocks, 200 
Orthmiota, 940, 962* 

Orthojpfdebia, 1133 
Orthophyre, 218, 220 
Orthoptera, fossil, 943 
Orthorhyncluda, 940 
Orthose, 98 

Orthothetes, 955, 990, 1022 
OrtmUi^ 939, 1022 
Oryct&ropm, 1296 
Osborne Beds, 1250 
Osnieroides, 1173 

Omvumda, 1236. 1251, 1276, 1287 
OsteolepiA, 1004*, 1005 
Ostia, harbour of, now inland, 517 
Ostracoderms, 942, 1004 


Ostracotls, fossil, 916, 941, 985, 1006, 1023, 
1031, 1043, 1087 

Ostrea, 1098, 1116, 1118% 1119*, 1169% 
1230, 1247,* 1263, 1288 
Ostrich, fossil, 1296 
Ottycet'os^ 1089 
Otodiis^ 1202 

Otozainiies, 1086, 1112, 1113* 

Otters, fossil, 1254, 1263, 1286, 1287 

Ottrelite, 105 

Ottrelite-slate, 248 

Ouihnodon^ 1089, 1090 

Outcrop, 669 

Outliers, 1381 

Overlap, 653*, 820* 

Overthrust faults, efiects of, 641, 793, 885, 
892, 970 ; discusKioii of, 690 
OHhis, 1287, 1315, 1355, 1358 
Ouwf, 1297 
1283 

Omemmnchiis, 1147 
Owls, fossil, 1254, 1287 
Ox, fossil, 1278 
Oxford Clay, 1148 

Oxfordian Group, 1131, 1142, 1149, 1153, 
1155, 1156, 1157, 1158, 1160 
Oxidation, by rain, 460, 459 ; by midcr- 
gi'ound water, 473 ; by the sen, 566 ; of 
organic acids, 598 
Oxides, 84, 94, 158 
OxyacodoUf 1243 
Oxy&ma-, 1229, 1243 
Oxyrenodon^ 1248 

Oxygen, supposed absence of, from primeval 
atmosphere. 35 ; proportion of, in present 
ai!ihi'.j>!K-ri-. 36, 68 ; i)roportiou of, in 
outer part of earth, 83, 84 ; combinations 
of, 84 ; free at volcanic vents, 268 ; more 
soluble in rain than nitr()gen, 449 ; in 
rain, 450 

Oxynoticeras, 1119, 1133, 1134* 
Oxynoticeras oxynotum, Zone of, 1133 
Oxyrhina, 1173, 1242, 1255, 1289 
Oxytmna, 1108 
Ozocerite, 186, 186 

Poxhymmi, 1229, 1243 
Brnhycardia, 1088 
Pachycom vs, 1137 
Pachyd isatia, 1190 
PacJiyffonia, 1078, 1107 
Pachymelania, 1215 
PachymyhiSy 1144 
Pachyiwlophvs, 1227, 1234 
Pmhyplmra, 1089 
Pachyptym, 937, 984 
Pachyrhiz(idm, 1173 
P .v..;.;-, . 960 
J’l - ■/ /. po-j. 1009 

Pj.Lt.ctJ.iu, l27o 

Pacific Ocean, iKTainnirapliy of, 40, 3^58 ; 
relation of position of, to earth’s internal 
structure, 58 ; submarine eruptions in, 
308, 334, 385, 836, 338; chains and 
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ji^rouiis of voloauic islands in, 277, 335, 
347 ; iHlainls in luisiu of, are mainly of 
volcanie. origin, 335, 340 ; jn-oot’s of up- 
liejival in, 33S, 3S2 ; oavtliqnake foci in, 
3()S, 370, 37() : supposed widespread sul> 
sidcneei in, 300 ; dispersal of puniico in, 
577 ; evidence of upheaval in, <>21 ; Tri- 
assie syst(Mn in basin of, 1107, 1108 
1133 

Pahoehoe hivjts, 200 
lUtliiwnuut^ 040 

1071^ 

Pahiami, 0^1^ 039*, 018' 

030, 0S4 

PaltvaNirnini^ 011, 014'“ 

030, 1021 
Polt} fihuH^ 087 
lUtlii'iiuti'hua^ 11 11 
Pahrnhhttfimt^ 0 13 
INihnobotany, works on, 7 
/*uhi'ni'(tHs^ 1023 
Poftror/uviufs^ 1240 
Pah«>couia, 030 
P((ftrtirttt\t/nft's^ 1187 
Ptifivncmntjoiu 1 024 
050 

pit/ ft '(if*nnttomn^ 1 254 
Ptt/fiv!fah\ 1240 
Pnheof^eue, 1221 
Pttfft'ttluti/eritf,^ 1 000 

Pit/futlift/uNy 1240 

Paheolithit*. Series, 1347, 1340* ; fauna of, 
1353 

lWH‘timtrjp% 1208, 1297 

J*nf»'tiH(itM(t, 1000 
Ptthru/iMis, 1220, 1220, 1234, 1243 
P(t/fronM'tM, 1025, -1007*, 1008, 1100 
Pabeontolo^leal eviilonce in favour of slow 
<>b)>riejil clmnf?e, 77 
PahcDiit.olii^'y, 4, 7, 824 
Pohvoti}ftivm, 1240, 125 I 
1234 

Pahniphiui'ti^ 084 
Pifhtnp/ituiHs, 043, 003*, 1003 
Pftlfk'oithiteuif^ 030 
Paheopicrite, 240 
J\tfn it/f/rrisn 984, 1002, 1030 
PtfJmtrem, 127,8, 1203, 1296 
i*nhvorhtjitt'h i/.v, 1258 
1254 

Palmtryj\ 1278, 1291, 1295, 1207 
Pfdtvtmuntft, 1089 
PctlivmHncvHi 1217 
1243 

Ptthrifnin'iii 1008 

Pa/tvos}/o2)Ho 1243 
PtUtfitffu^rtU'm, 1227*, 1234 
Ptthtt/rtft/ifs, 1278, 1595 
Pala-o- volcanic; rocks of Roseubusch, 198 
Pahnozoie, definition of, 861 ; systeins, limits, 
afd goiioral characters of, 907 
PtdH^d'Hntjay 1170 
Palagouito, 174, 175, 236 
Palagonite-tuff, 175 


PaiaphfhPi'iifUh, 1227, 1234 
Pal aster isnts^ 984 
Paleri/x, 1251 
PaUssya, 1086 

Palma, volcanic sequence at, 339 
PfdmanteSf 1251 
l^tdtnnfnpf.'i is, 1065 
P.diii., l(.<^d, 1224, 1247, 1257 
Palhniihyes, 1258 
Palo Dnro ^ds, 1299 

.i/v. 1133, 1136* 

P;d.i»p'.i i;roci-r!i«, spinatum. Zone of, 1138 
Palmima, 1186, 1230 
Pami>a,s Formation, 440 
Painuna, contx*a8t of biology of seas on either 
side of isthmus of, 391 
PamtM, 1246 

Panchet group, 1058, 1079, 1107, 1160 
Pandanus, fossil, 1165, 1224 
Pau-i(!e, 575 

Panidioinorphic stnicture, 151, 197 
Pauiselian, 1236 
Pufumya, 1299 

Panopmt, 1242, 1261, 1263, 1264*, 1280*, 
1330 

Pantelleria, 267, 833 

Pantellerite, 213 (soda-trachyte), 226 

Pantolamlsia, 1243 

I^antolanibda Beds, 1243 

PitfUosaimis, 1126 

Paper-coal, 182 

Paracltulisdtes, 1107 

Paraclases, 658 

ParaJbolinti, 915 

Parahoiuidla, 922 

Paraayathus, 1237 

Paradaplae^ms, 1273 

Pftrndoeeras, 991 

Paradosddes, 912*, 913, 941 

Parodoxidian or Middle Cambrian, 916, 926 

Paragonite, 100 

Paragonite-schist, 264 

Parahj/us, 1228 

JP/i tui 1107 

“Par.'.' i:o.ids,” 544, 1321, 1832 

Paralldodniii, 1066 

Paramorphism, 101, 102, 425, 473, 790 

Parmys, 1243 

Para^nronmdtes, 1076 

Pnrasniiliaf 1167 

PamtibetUes, 1107 

Pwratwpites, 1110 

Pareiamimis, 1069, 1080, 1089, 1090 

Pareora Formation, 1246, 1274 

ParesyitSf 1009 

Parisian Stage, 1240 

Park type of mountain-structure, 1369 

Parkt, 1001, 1009 

ParNnswiia, 1138*, 1139 

Parkinsonia Parkinsoni, Zone of, 1188, 1139 

Paroxysmal phase of voloanism, 284 

Patrotin, 1294 • 

Parrots, fossil, 1264 
Pass or col, 62, 1385 
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Patagonia, Princeton University expedition 
to, 1273, 1274 
Patagonian Formation, 1278 
PatcSam Group (India), 1160 
Patella, 1141 
Paterina, 915 
Patriqfelis, 1229, 1243 
Patula, 1293 
Pavivdon, 1159 
Pearlstone, 214 

Peat, 184, 185 ; effect of pressure on, 182, 
417 ; as evidence of subsidence, 388, 389 ; 
mosses, 606 ; marine, 607 ; succession of 
plants in, 607 ; rate of growth of, 608 ; 
sometimes dates from Glacial Period, 
608 ; distribution of, 609 ; antiseptic 
quality of, in preserving animal remains, 
609, 826 ; examination of, for fossils, 853 ; 
indications of former climates furnished 
by, 853 ; neolithic relics in, 1360 
Pebbly structure, 135 
“Pebidian,” 896, 919 
Pecopteris, 1026, 1065, 1085, 1161, 1251 
Pecten, 1066, 1088, 1095* 1116, 1169, 1232, 
1247, 1263, 1277, 1315, 1330* 

Pecten asper, Zone of, 1182, 1189 
Pectuncuhts, 1231, 1255, 1263, 1264* 1277 
Pedio\%ya, 1179 

Pegmatite, 98, 128, 151, 206, 217, 741, 742*, 
885*, 886* 

Pegmatoid structure, 196 
Pelagic deposits, 583 
Pelagosavrua, 1122 
Pelecanus, 1297 
Pole’s Hair, 801 
Pelicans, fossil, 1254 
Pelites, 167 

Politic texture, 135, 167 
Peldbatodielys, 1145 
Peloneustes, 1144 
Peleyt'osaunis, 1185 
Pdtastf^s, 1189 
Pdtocai'is, 941 
Pdtoc&ras^ 1143 
Pdtiim, 916 
Pelycodus, 1243 
Pemphyx, 1088 
Penteus, 1088, 1119 
Penai-th Beds, 1091, 1094 
“Peneplain,” 1381 
Pennine (chlorite), 106 
Penokee Series, 399, 904 
PcTLta^rinus, 1114, 1187 
Pentagonaster, 1168 
Peniagonolepis, 987 
Pcntamerella^ 986 
Pentameriia, 940, 956*, 990 
Pentamerus Beds, 954 
Pentremites, 984, 1022 
Peperino, 175 
Peperite, 175, 761, 1264 
Pephricaris, 1006 . . , * 

Peredestes, 1128 
Pemmus, 1128 


PerathcTium, 1254 
Perch, fossil, 1287 
Perched Blocks, 161, 554* 

Pei'egrindku, 1168 
Pcricychf^, 1039 
PeridimMa, 1086 
Peiidot, 102 

Peridotites, 102, 240, 253 
PcnecJiocmwa, 957 
Perimorphs, 89 
Periptycims, 1243 
Perisdwdmnua, 1021 

p.^.‘hr.hii,rfrfi. 1119, 1138, 1140, 1142,1144, 
11 1.1, 1183 

Perisphinctea arbustigenis, Zone of, 1138 

biplex. Zone of, 1145 

gigaiiteuR, Zone of, 1144 

-I-' Z-ne of, 1142, 1144 

Perlit\* ■ HI \ < . 214 

Perlitic structure, 133*, 154*, 211, 214, 664 
Permian system, volcanic action in, 275, 
276, 279, 281, 292, 348, 349, 751, 761, 
1064, 1070, 1072, 1073, 1074, 1075, 1076; 
description of, 1068; organic remains of, 
1065 

development of, in Britain, 1069 ; 

in Germany, 1072 ; in the Vosgos, 1074 ; 
in France, 1074 ; in the Alps, 1076 ; in 
Russia, 1077 ; in Asia, 1078; in Aus- 
tralia, 1079 ; in Africa, 1079; in North 
America, 1080 ; in Spitzbergen, 1081 
Permo-Carimniferous rocks, 1063, 1080 
Pmut, 1148, 1169, 1246, 1257, 1268 
Pernostrcai 1150 
Peronicerast 1172 
P&'onulella, 111 4^ 1166 
P&'sea, 1243, 1263 
Pmoonia, 1262 
Perthite, 96 

Peru, upraised coral reef of, 382 
Pdidiicrinits, 944 
PctalodKs, 1024, 1025 
Pfikdngrrfpfpft, 955 
PdiVhlnUuifr.^ 1033 
Petram, 987, 968*, 989 
Petrifaction, 474*, 626, 831 
Petrifjdng media, 94, 106, 108, 474, 831 
Petro^aphic types, sequoiif'c* of, in volcanic 
regions, 839, 349. 707, 708 ; provinces, 
707 

82, 88 

IN- '.-e, 185, 818, 357, 473 
Petrology, 82 
Prfrnph flnulpft. 1 224* 

J*t •I'njih I'lftt OJqj 
Petrosiliceous, 152, 196 
Pdrnmtdwa, 1147 

911. 946, 968*, 975, 983* 985 
PlmiW8chm\<i, 984 
Phalacrocorax, 1254, 1297 
Phamerocrystalline, 127 
Plmneroplcuron, 1005, 1011 
Pharcieeras, 1089 
Plumbs, 1269 
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DhttttfOihut, 1205 
Pliasro/uiHj/ti^ 1215, 1200 
J*Ium'o/of/irntnii, 1 12{S^ 

Bht(i<{fu.nocan,% 009 
Phasianvfht, 1078, lltS7 
PIumarnUiM, 1237, 1243 
IMieiioorysts, 120*, 132, 196 
IMiilippiue Ishiiids 330 
BhillqmtstrHn^ 980, 984, 1021 
Bhillqmtf, 1023, 1066 
l^hillipaite, formod on lloor of ocean abysnes, 
586 

I’lilcga'un ficbls, geological literaturtj of, 290 ; 
volcanic features of, 269, 278, 279, 290, 
338 

J^hhu'tu 1005 

l*lilogopite, 101 
P/iotv, 1208, 1316, 1321 
1247, 1202 
1158 

I.'.. ■'254 
y*/ -./..V ■. :!'-7 

1093, 1116, 1187, 1230, 1283 
1257, 1207 
1033 

J*hnll(foith(n'itSy 1094, 1122 
Pholithmiduat^ 1175 
/V<, 080 

PhoUthh'HUy 1173 
Phouolito, 226, 227 

Phw'its, 1282 

Pho«pliaU<.s, 107, 158, 026 
Pliospliatic (lepoHitH, 180, 626, 1162, 1201, 
1255, 1281 

IMiospbatisation, 177, 180, 181, 626, 1281 
PlKisphorir acid, proportion of, in eartVs 
crust, 87 ; combinations of, 107 ; in river 
water, 488 

Phos}>horite, 180, 1255 
Phosphorus, proportion of, in outer part of 
earth, 83 ; pentoxitle, 84 ; coiubinatious 
of, 86 ; as a mineralising agent, 415, 
809 

PhMtjmU<% 1214, 1251, 1292 
/V(f/y?//wwwv7vi!*‘, 940, 962* 

Phi'pt/afiutj 1254 
Phryganla-limestoue, 1254 
Phtanite, 107, 180, 1015, 1041, 1046 
Phymdfit>, 911 
Pbyllades do St. LO, 901 
Pbyllite, 171, 247, 248, 259 
Phyllocarnls, earliest forms of, 914*, 916 ; 
Bilurian rtevelopmetet of, 941, 969 ; in Old 
lied Bondstone, 1006 ; Carboniferous, 1024, 
1031 

Bhitlluemts, 1100, 1119, 1133, 1136*, 1172 
IMiylloceras ibex, Zone of, 1133 
J^hyUmvniaf 1141 
Pfri/flocmiUH, 1168 
Phylhdm, 1226 
Phifdouraptm, 935* 938, 940 
P/tylloffpis, 987, 1011 
PhyllopodH, fossil, 1005, 1024 
PkylUypmif 949, 1066 


Phyllopwino, 939 
Phyllotheca^ 1059, 1109 
Pliylogeny of organic foms, palaeontological 
evidence of, 836, 845-849 
Phymosimm^ 1168 
Physa, 1147, 1201, 1288, 1253 
Physiographical geology, 5, 1363 
Physomi'Wj 941 
Phyt(isauni.% 1090 
Piceites, 1075 
Pickwell-Dowu Group, 989 
Picolite, 97 
Picrite, 187, 240, 243 
Picttmia, 1149 
Picv^, 1254 
Piesoclases, 658 
Piezocryslallisation, 718, 778 
Pigi-oi!^. fo-,sil, 1254 
Pike, fosdl, 1287 

Pikermi, Pliocene deposits of, 1294 
“Pillow-structure” in lavas, 136, 306, 309, 
760 

Piluciii'aa^ 920, 940 

Pilton Group, 989 

Pinacocems^ 1089, 1104 

Pine, fossil, 1287 

Pinitea, 1185, 1256 

Pinna, 1062, 1116, 1187, 1231, 1269 

Pimacitii.% 986 

Pimiatojpmf, 1022 

Pinnidana, 1002 

Pinm, 1158, 1165, 1208, 1231, 1250, 1276, 
1294, 1338 
Pipe-clay, 168 
PimnUt, 1230, 1260 
PiHidmnu 1287, 1333 
Pinmlns, 1230 
Pisolite, 192 

“ Pisolitic Limestone ” (Paris), 1201 
Pisolitic structure, 136 
Plstacite, 103 
Pihtacite-Rock, 253 
Pitch-coal, 182 

Pitchstone, 149*, 209, 213, 216 
Pitharvllii, 1230 
P 1348 

y* y., !■ 2>, :"30* 

Placmtimm, 1172 
Placer-workings, 812 
Placiten, 1107 
Phtcn2m'ia, 941 
PhujimihvA 1128* 1180 
Plagioclasc, 99 
Plagloclase-Rocks, 200 
Plrtyiogly2)ta, 1066 
“ Plain of marine denudation,” 595 
Plains, 64, 1887 

Plaisauciau stage, 1278, 1289, 1291 
Plane, fossil, 1165, 1224, 1276 
Pliiner (Cenomanian), 1203 
Planmi, 1268 

Planets, deiisiti^ and origin of the, 15 
Plankton, 827 
PlmwUtes, 913 
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Plan&rbis, 1147, 1214, 1230, 1248, 1268, 
1284, 1333, 1362 

Plants, rocks formed by, 181, 187, 604 ; 
distribution of, as bearing on elevation and 
depression, 390 ; transportation of, by 
wind, 445 ; transport of, by river-rafts, 
492 ; destructive geological action of, 598 ; 
organic acids fumished by, 698 ; nitri- 
fication by, 699 ; geological eliects of roots 
of, 600 ; attraction of rain by, 600 ; con- 
servative action of, 602 ; repoductive 
action of, 604 ; chemical deposits formed 
by, 611 ; preservation of remains of, in 
Ues, peat- mosses, deltas, &c., 826 ; geo- 
logical bearings of the geographicid distri- 
bution of, 839, 849 ; early evolution of, 
846 ; earliest known forms of, 910 ; trans- 
port of stones by floating, 1016 
Plasmqpora, 969, 984 
Plastic, 138 
Plastic Clay, 1230 
Platacod^nt 1179 

Flataniis, 1164, 1230, 1262, 1276, 1277* 

JPlatax, 1287 

Plateau-glaciers, 536 

Plateau-gravels, 1322 

Plateaus. See Tablelands 

Platecao'piiSf 1216 

Plateosaurus, 1089 

Plateplmiem^ 1033 

Plate River, mineral master in solution in 
■water of, 588 
Platteusee, 618 
Plaiyce/ras, 916, 958 
Platydyinenia, 994 
PlcitycormuSy 1173 
PlatyGrinus^ 1022 
PlatyostomOi 940 
Platypleuroceras, 1135* 

Platyschisfim, 940 
Plttiysolenitea^ 926 
PlcLtyaomn^Sf 1068* 

Plectamhonites, 947, 962* 

Plectoc&raa, 940 
Plectrodus, 942 

Pleistocene, definition of terra, 1220, 1300 
Pleistocene or Glacial Series, account of, 
1301 ; indications of greater elevation of 
the land afforded by, 1302 ; genoml 
sequence of events indicated by, 3 303 ; 
pre- Glacial land surface under, 1303 ; 
advance of the ice-sheet shown by, 1304 ; 
rock-striation, 1304 ; evidence of differen- 
tial movements and radiation in the ice- 
sheets, 1306 ; erosion of land - surface, 

1308 ; ico-cmmpled and disi-upted rocks, 

1309 ; dL-:iirri^ left by tlio ice-sbeets, 
1309 ; characters of the boulder-clay, 1309- 
1312 ; heights at which marine organisms 
have been found in boidder-clay, 1312 ; 
evidences of interglacial inteiwals, 1312 ; 
lower and upper boulder - clay, 1314; 
flora and fauna of glacial series, 1316 ; 
evidences of submergence, 1317 ; con- 


tinuance of the cold ; coutoi’ted drift, 
1320 ; second glochition, re - elevation, 
raised beaclies, 1320 ; cause of the cold 
of Glacial Period, 1325 
Pleistocene or Glacial Series, locid develop- 
ment of glacial idienomcua in Britain, 
1328 ; in Scandinavia and Finland, 1332 ; 
in Germany, 1334 ; in France and the 
Pyrenees, 1336 ; in Belgium, 1337 ; in 
the Alps, 1337 ; in Russhi, 1339 ; in 
Africa, 1340; in North Americji, 1340 ; 
in India, 1345; in Aiistrahisia, 13d6 ; 
evidence of oscillations of climate shown 
by latest iiiembers of, 1358 
Pleochroism, 126 
Pleonaste, 97 
PleaiarctmiiyH, 1234 
Picaictis, 1249 
Pkaiodu'/ySf 1185 
PUaiomeryx^ 1264 

PlesiosiiuiTs, Mesozoic, 837 ; 

occurrence i‘f, lOSi', 11‘Jl, 1175; extinc- 
tion of, 1222 r 

Plcsiomuriiit, 1095, 1121*, 1122 
Plesioaore.t\ 1249 
Pleura can fhua, 1031, 1073 
Pleurocccluai 1210 
PleurocyatUea, 938 
PleumUclyuWf il84 
Plmroffraptiis^ 947 
Pkurolytoccraa^ 1130 
PI carom ytt^ 1116 
Pkuroiuvatilm^ 1088 
PlenroHcrtitea^ 1088 
PlearouearOi 1068 
Plcaro^fholiitj 1147 
Plearophorm^ 986, 1066 
PlcaniHternum., 1147 

Plearotoma, 1170, 1226, 1248, 1263. 1286 
Pleurotomaria^ 915, 940, 986, 1022*, 1023, 
1066, 1117, 1119* 1170, 1271 
Pliaudhcnm, 1299 

Plication of rocks, 673 ; e.\*pt‘rimejitul illus- 
trations of, 422 ; examples of, in Ikdgian 
coal-fields, 1053. Flc.vures 

Plicalala, 1136, 1169, 1298 
Pliniuu pinisc of volcanic activity, 278, 280 
Pliocene, definition of form, 1220 
Pliocene Kericf '■ ' ' ■ ** ■'‘•'* 


moiiUHKs m, 

* ■2-0; Bel- 
gium and Holland, lU".*; i’: 1289; 

Italy, 1291 ; Germany, 1293 ; Vicuna 
basin, 1293 ; Greece, 1294 ; «amos, 129(i ; 
India, 1296 ; North America, 1298 ; Aus- 
tralia, 1299 ; New Zwtlaiid, 1300 ;'^de- 
posits of gypsum and rock-salt in, 1294 
PUohi'pima, 1273, 1299 
PliohylolHctra, 1291 
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1201 

lUlulophvif, 1234 

r :: .. ■: 2.';4 

7' " ■ ■ 1 I ■' J 

I*l(H\(t,scnph 11 ()7 

rium-tm‘s, loshil, 1276 
J*lu.misfrr, 1133 

Pluml)-Uiu‘, dertticUou of, near mountains, 
1366 

IMutoniu action, 262 

Plulouic (or (Icep-seatcil) Igneous Rocks, 
107, 710, 721 
Pli<toHUIi% 012*, 015 
Plutonists, 400 
Plutono-metjimorpliism, 765 
PnoumutoUtic ugeuts, 270, 407, 415, 714, 
7()6, 77S, 780, 784, 808, 818 
Po, Itiver, 506, 516, 580 
Ponvitvii, 1236, 1252 
Po(jouo SericH, 1061 
PodiHVrpua. 1246 

Potfmuif'uif/Hj 12»*n 

1263, 1294 

PiHUam.ih% 1086, 1112, 1165 
Pikhroth vmm^ 1 249 
Poedcrlian, 1280 

PoikiUtic Scries or New Red Sandstone, 106gl 
Poikilitio Ktructure, 120 
PoUu'unthm^ 1173 

I>oliuidian Kpofli in Glacial Period, 1813 
Polar HaUeuiug of the earth, 20 
Pole, irregular displjujcinent of teiTestrial, 25 
7^V//my/^^ 1066 

Polp(uun‘fi% 1206 
/V7.vro//////,s*, 1218, 1246 
Polygene voletinoow, 322, 324 
PoOlUnuum, 1257, 1334 
PoljfmitaUHlon^ 1243 
Polyinastoilou Beds, 1243 
J*nfi/motpIihm<, 1133, 1166, 1242 
Ptditp/ii/mt(f 023 
pul}lpfomliu% 1011 
Po/pputfium, 1161 
Ptffif/mra^ 1 022 

PufffplvntSi 1005 
Ptt/ppf t eh i /<«, 1203' 

7 *ulypfj/e/i otfoti, 1175 
/htfpttfomePa, 1316 

Polyzoo, protective iutluence of some, 604 ; 
fossU forms of, 030, 1022, 1115, 1168, 
1282* ; md-like accuniiilatious of, 1066 ; 
abundance of, in Coralline Crag, 1283 
Pompeii, 271, 201 
Pondwved, fossil, 1276 
Poutlau Stage, 1291 
Jhnifo(\i/pn\ 041 
Ponza Islands, 337 
J*i)p(UHHrrnHf 1067, 1089 
Poplar, fossil, 1166, 1224 
Popidfts, 1164, 1208, 1252, 1263, 1276, 
>277* 

PuraiHhtaUfes^ 940, 948* 

Poreellauite, 172 
PomPht^ 986 


Porcupine, fossil, 1278 ; in Glacial Period, 
1317 

Poeo»pJmrea, 1193 
Porphyric, 196 

Porpliyrite, 219, 224, 225, 230 
Porphyntic structure, 129* 151 ; artificial 
X)roduction of, 406 
Porpbyritic-liolocrystalline, 1 27 
Porphyroid, 180, 254 
Porphyrschiefer, 226 
Portage Group, 997 
Podliem, 1173 
Pmilandia, 1815, 1330* 

Portlandian, 1131, 1144, 1145, 1148, 1163, 
1155, 1156, 1157, 1160 
Portugal, tine Spanish Peninsula 
Poddoniu^ 991 
Pumdomella^ 1048 

PodMmiya^ 989, 1022, 1116, 1117* 

Post- Pliocene, defiiiition of, 1800 
Post-Glacial Period. See Recent 
Post-Tertiary or Quaternary, 861, 1800 
Potamidea, 1230, 1248, 1263 
Potmiogdon, 1165, 1263 
Potammiya, 1250 
Potaiifuoth-eTiwm^ 1249 

Potash, proportion of, in earth's crust, 87 ; 

silicate of, in river-water, 488,496 
Potassium, proportion of, in outer part of 
earth, 83 : combinations of, 85 
PofiD&amuu-chlc)ri(le promotes subsidence of 
seclil^t, 492 

Potassiuhr^ulphate in sea-water, 46 
Potei'hcerm^ 940, 986, 1028 
Potenocrimts, 1022 
Pot-holes, 498 
PothoeUcH^ 1028, 1030 
Potomac Formation, 1169, 1165, 1210 
Potsdam (Cambrian) Formation, 931 
Potstone, 253 

Pottsville Conglomerate, 1061, 1062 
Pm'exirdium^ 940 

Prairie-dog, geological action of^ 601 ; fossil, 
1317 

Pre-Cambrian, proposed use of term, 868 ; 
volcanic action, 348, 880, 891, 896, 897 ; 
dykes, 744, 884 ; rocks, general character 
of, 861 ; literature, 862 (see imder 
Crystalline schists) ; lowest gneisses and 
schists, 869 ; sedimentary and volcanic 
groups, 876 ; character of sediments, 876 ; 
land, traces of, 877, 890 ; fossils, 877, 
891 ; abundant graphite, 879 ; metamor- 
phosed into gneiss and schist, 880 ; rela- 
tions of younger sedimentary series to 
older gneisses, 880 ; upper limit of, 881 ; 
lenglh of time represented by, 881 ; topo- 
graphy, 890 

of Britain, 882 ; of Scandinavia, 898 ; 

of Ceutrid Europe, 900 ; of America, 902 ; 
of Africa, 905 ; of Asia, 906 ; of Austral- 
asia, 906' 

Precession, argument from, as to internal 
condition of the globe, 67 


1456 


TEXT-BOOK OF GEOLOGY 


Predazzo, rocks of, 217, 774 
Prehistoric Series of deposits, 1347 
Prehnite, 99 
Prena8tei\ 1258 ^ 

Prejiea^iteris^ 103 5 
Present, the key to the Past, 3, 260 
Pressure, proof that rocks consolidated under, 
145 ; effects of, 246, 416, 429, 787 ; in- 
creases chemical activity, 41, 789 ; con- 
solidation of rocks by, 417 ; solids made 
to tiow by, 421, 429, 681, 789 
Presttcichicc, 1024 
Priabonian, 1234, 1237 
Priacoclon^ 1159 
Prkonodon, 1210 
Primitia, 915, 940, 941, 985 
Primitive (Primary) Bocks, 862, 867, 907 
Primordial Zone, 909, 917, 924, 928, 974 
PHmites, 1089 
Prioiiocydm, 1192 
PrionotropiSf 1172 
Priscochiton, 940 

Prismatic structure, 136, 212, 306, 663, 
769* ; artificial production of, 402 
PristiSj 1226 
pyistisomus, 1109 
Proselunis^ 1254 
ProarcUts^ 1107 
Prdbeloceras,, 998 
Pi'obosdiuif 1115, 1168 
ProbuIxUttSj 1297 
Pi'ocamelus, 1273 
Prochlorite, 105 
Procolupimif 1089 
Pi'ocqptodon^ 1300 
Pi'odapliaemi^, 1243 
ProducteUa^ 986 

Produdm, 989, 1021*, 1022, 1066, 1067* 
PrdStiis, 953, 974, 986, 1023 
1122 

Pu UI,lAHlU)dy 

P^vlecanites, 1023 
Prom^hitis, 1278, 1296 
PronofUes^ 1077 
PirpcfT/^nvdtrni, 1234 
057 

1106 

200. 314, 350 
J'r -i, 772, 812 

Proscarpius, 943, 1003 
Pi^qpon, 1119 
Prosphingites, 1108 
Protapmia^ 1249 
Protarseat 937 
Protast&\ 939 

Ptoteacese, fossd, 1165, 1223, 1247, 1276*, 
1294 

Protefephyllum, 1211 

ProUlotkeriwin, 1243 

Proteocystis, 984 

Proterobase, 234 

Pi'otero8aim(8^ 1069 

Proterozoic Rocks, 861, 867 

Protocardia, 1088. 1095*, 1119*, 1231 


Proiotems, 1249 
Protoceras Be<la, 1260 
Pi'otochrkinm\ 1 243 
PwtticiineXf 943 
Prntoci'kiiittf 930 
P)'ot<Migsiitr8f 912, 913* 

Pi'otodiui^ 1014 
Protogiiie, 205, 900 
Prulogtmothm^ 1243 
PruiuJuppus, 1265, 1273, 1299 
Profo/ffJ)f8j 1273 
ProUdycosit, 1082 
Protomcryx, 1249, 1273 
PTn*itphrir‘'h'0. 912 

P'l'uluiJ^Kr'ii^ IuOl’i 

Protophrus^ 1005 

Pi'otorhi'pi8, 1206 
Protoi'hj/ncha, 941) 

7>.- . .• .. .. 1243 

7' ■.1192 

911, 913* 

J^rolnftixih's, 1014 

Prototheria, 1128 ^ 

Protozoa, relative values of, os fossils, 832 
Pi'otmdtycems, 1106 
Pi'ointon, 1068 
Prookiara^ 1227, 1234 
Pnmx(.8, 1223 
Przibram schists, 901, 928 
Psaiu mites, 160 
Psainiaitic structure, 135 
Pnammobia^ 1234, 1250 
Psammodm, 1024 
P8ainmostcu8i 993, 1005 
Paaronius, 1019, 1066 
Paexidfvhmis, 1237, 1278 
Psimdammium^ 1232 
Paexfdarciu 972 
Pseiidocrinites^ 957 
Paexidocnnua^ 938 
Paeudoduidemay 1116, 1168 
Pse udugulatb hl, 1023 
Psmuloli'va, 1170 
Pseufhxndunuf, 1117 
PamdimitmoUa, 1066, 1094, 1116 
Paeudomo]^hs, 89, 94, 96, 106, 473, 819 
PscuduHigillariff^ 1035 
Paeadothecti^ 933 
Pamdotrionyx^ 1231 
/»/«}. 922 
11-;::. 1134* 

Pailoceras planorbe. Zone of, 1133 
Psilonielane, 97 

PaUophytoih, 984, 1002*, 1009 
Paittacodwrivfn, 1243 
P»itt(u:%ia, 1254 
PsygopKylluuu 1066 
,Ptemnodon^ 1175, 1177 
Ptemspis^ 942, 1005 
Pteria, 986 

Pkrkhthi/A. 9S7, 1005* 

Ptt t'idnli 1165 

Pten'^UloTttcJvia^ 1012 
Ptcrinea, 940, 986 
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Vfvrovera^ 1148 

l‘teroceriau Sub-atHt'e, 1149, 1153, 1155 
Ph'rorU\s, 1254 
Pft rfufitrh/hiy^ 1123 
I*trnH/nii^ 1227, 1234 
Ptemphi/Uutn, 106G, 1086, 1161, 1203 
Pferopluj', 1033 
Vtt*roi» 0 (ls, fossil, 913*, 915 
Ptcrowuivs, 1123*, 1124*, 1125*, 1175, 
1177 ; extiuctiou of, 1222 
J*ti'nttlievu^ 940 

942, 983*, 1005 
930 

PtHoiluy, 1180, 1243 
J*Uloiih!flluuu 1086 
PtihutmileNy 1133 
Ptiji'hiks, 1081, 1089, 1100 
1172 

PfUt-fnH/iM, 1173, 1190 
/** 1254 

■■■ V 1090 
y ;i37 

J‘fMr/inpttriit.j 015 
PlifchophyUinHy 937, 958* 

Pf jfchn^iUrUty 991 
Ptyclmiaffum, 1107 
Puciroo group, 1243 
PiiJJimuii 1254 
Pnijm.^\ 986, 1022 
Ihilaskite, 221, 223 
PiiHuUm, 1087* 

PuMnulina, 1242 
PulNdlnay 1145 

Puiiiioo, 214, 236 ; proportion of vesicles to 
(jucloBing glass in, 272 ; dispersion of, in 
the ocean, 577, 682 
l*umic(*oaH structure, 134*, 214, 306* 

“ Puulield Keds,” 1185, 1197 
Pupuy 1214, 1268, 1284, 1337, 1862 
Purbeckiau, 1131, 1144, 1146, 1148, 1153, 
1155, 1158 
Ihirlcy Shales, 923 
Purpiinty 1277, 1280* 

Ptn'/niroh/rUy 1117 

Puy typo of vtdeaulc action, 764 
1146, 1202 
PifdHimtcaiSy 944 
PpcnmtcdnXi 1173 
1116 

PifgnpCy 1148 
Pyifupkr^ta^ 1068 
Pirn^rm, 1116, 1168 
Pi/rumt(iuluy 1033, 1284 
PiintUshiuSy 1272 

Pyrenees, conttvct-metaniorphism, 780 ; pre- 
Caiubriau rocks of, 901 ; Cambrian, 928 ; 
Silurian, 973 ; Devonian, 994 ; Carboni- 
ferous, 1054 ; Permian, 1076 ; Trias, 
1098 ; glaciation of, 1302, 1336 
J^ipmty 1237 

Pjvite, 108, 136 ; weathering of, 461 ; as a 
]H‘trifyitig medium, 831 
Pyritous, (Icliuitiou of, 137 ; deposits now 
forming, 628 
VOD. II 


Pyromeride, 133, 216 
Pyropsky 1211 
Pyroachists, 185 
Pyroxene, 102, 109 
Pyroxene-andesite, 229, 231 
Pyroxeue-rock, 232 
Pyroxt;r.olitr«, 241 
1‘^rrlmiino, 108 

PynLlcty 1231, 1253, 1263, 1269, 1282 

Qunder (Cretaceous), 1204 
Qua.-qu{l-versal dip, 669, 671*, 676 
QuaiTjing, art of, 658, 660 
Quartz, durability of, 84 ; as an original and 
secondary constituent of rocks, 90 ; 
occurrences of, 94 ; proportion of, in 
earth’s crust, 109 ; ferruginous, 167 ; of 
veins, 195 ; of granite, 204 ; artificial 
formation of, 409, 411, 418 
Quartz-porphyry, 209 
Quartz-schist, 248 

Quartzite, gases in, 142 ; schistose, 248 ; 
described, 249* ; analysis of, 259 ; origin 
of, 425 

Quartzose, defined, 137 
Quaternary fonnations, 1300 
Qimnstedtocen'aSy 1150 

qmrcvsy 1164* 1231, 1247, 1268*, 1276, 
1287 

Ea’s or terminal moraines of Scandinavia, 
1382 

Kabbit, geological action of, 601 
Radiation, effect of nocturnal, on rocks, 434 
liatliolaria, siliceous ooze formed by, 624, 
625* ; fossil, 911, 937, 1020, 1039, 1166 
Radiolarian ooze, 179 
RtulioUtea, 1170, 1199 
RuJinesqmnOy 950 
Raibl Beds, 1103, 1106 
Bails, fossil, 1254 

Rain, alteration of rocks by, 156 ; solvent 
action of, 161 ; denuding action of, 322 ; 
absorbs gases, 414, 448 ; con- 
verts '■ » I ■ '*<-• sand into hard stone, 

444 ; X)roduotion of, 447 ; chemical action 
of, 448 ; composition of, 448 ; mechanical 
action of, 461 ; unequal erosion by, 462 ; 
excessive fall of, 494 

Rainfall and evaporation, 482; and river 
sediment, 493, 494 
Bain-prints, 643, 987 
Ibiiii-wush, 161, 460 
Eajmahal iSeries, 1160 
Rake-veins, 819 
RcUlm^ 1254 

Rancocas Formation, 1211 
Randanite, 95 
Ratidifary 1836, 1358 
Ranicot Beds, 1241 
Rapakiwi (granite), 205 
Rapids, 486, 498, 602 
Rapilli, 172 ‘ . 

Raspberry fossil, 1338 

3 c 
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Rastrites, 935*, 938 
Bats, geological action of, 601 
Rauchwacke, 193 
Rauracian Sub-stage, 1149 
Ravines, sometimes originated by earth- 
quake fissures, 372 ; formed by river 
erosion, 496, 1386 ; winding of, how 
determined, 500 
Raz de maree, 562 

Recent, post-Glacial or Human Period, 1300 ; 
general cha‘~' rto'^ of 1347 : 

Palseolithic St ■■ V - nj;,;: ; 

Series, 1355 : these series 

in Britain, 33r>5 j ■ I'-!". 1369; in 

Germany, 1369 ; in Switzerland, 1360 ; 
in Denmark, 1360 ; in Finland, 1360 ; in 
North America, 1361 ; in Australasia, 
1862 

ReceptacfiditeSj 937, 984 
Red, as a colour of rocks, 139 ; strata 
generally uufossiliferous, 1006 
Red and grey clays of ocean abysses, 583 
Red Chalk of Norfolk, 1182, 1183, 1189, 
1202 

Red Deer, fossil, 1288, 1292, 1388, 1358 
Red fog, 444 
Redmia^ 939 

Red Sea, raised coral reefs of, 382, 622 
Redshanks, fossil, 1254 
Reduction. See Deoxidation. 

Reef knolls, 1041 

Reefs of limestone. Se& wider Corals and 
Regur, 169, 606 

Reindeer, fossil, 1316, 1353*, 1359 ; former 
migrations of; 1317, 1336, 1354 ; Age of, 
1849, 1366, 1359 

Reindeer (Tarandian) Epoch, 1849, 1369 
ReUvecHa, 1119 
Rmo2>l€!iirides, 948 
Re.mselihda, 986 

Reptiles, abundance and variety of, in Meso- 
zoic time, 1083, 1089, 1122, 1173 ; fre- 
quent huddling together of remains of, in 
sedimentary deposits, 1090, 1175 
Requieniat 1169 

Roseau pentagonal of Elie de Beaumont, 21 

Resinous structure, 181 

Reteocrinue^ 938 

Retgers’ solution, 115 

Retiffiilaria^ 1058 

Retiogmptus^ 946 

RetiolUeSj 938 

RetzvXf 986, 1058 

Reunion, Isle of. See Bourbon, Isle of. 

“ Revinien,” 927 
Revolution, terrestrial, 23 
RhoMocarpus^ 1028 
RhcMoceras, 1089 ■ 

RhabdophyUia, 1144 
RhaldoporeUa, 936, 967 
RhaoophylUtes, 1089 
Rimeopteris, 1026 
RhadmickthySf 1010, 1031 


RlmcUnoceraSi 986 

Rhietic series, 1091, 1094, 1096, 1104, 1106 
RhcLijatherium, 1234 

RJuimnuSf 1165, 1243, 1252, 1262, 1292 
/?'■■ . ’■■’*. 1123*, 1124 

1123, 1124*, 1125" 

Rhawphoffitchns, 1297 
Rliaphistoma^ 916, 940 
Rhinclwtreta, 940 

Rhine, River, 485, 488, 490, 494, 497, 500, 
502, 508 
RJiinididyiff 939 
RhhufhohtSj 915 

Rliuwceim, 1249, 1259, 1263, 1287, 1291, 
1295, 1297, 1850 

Rhinoceroses, fossil forms of, 1228, 124i>, 
1263, 1265, 1273, 1278 1287, 1315 1316 ; 
woolly (/?. antiipiitofla) 1355, 1356 ; 
climate indicated I)y, 834 
RhuwcIieJys, 1173 
R/s:, 1249 

.. 984 
,1097 

7UnLtMhi/iS{\ 1049 
Rhizodusy 1024*, 1031 
Rhiztmya^ 1297 
Rhodanieu, 1196 
R/mfea, 1036, 1065 
RhiHlucnnm, 1022 
Hboinbcn-].orp]iyr, 219 
1022 

Rhdiii-, iId'mK of the, 481, 493 ; sediment iii^ 
494 ; sediment pushed along ehauuel of, 
495 ; filtered hy Lake of Geneva, 498, 
522 ; terraces of, 608 ; delta of, 516, 517 ; 
mean rate of denudation by, 589 ; former 
great extent of glacier of, 1308, 1336, 1837 
Rbopalodont reptiles, 1069 
A'Aex, 1213. 1263* 


■. ■. 940, 948* 962* 1022, 

1102, 1116*, 1168*, 1245, 1261, 1280* 
Rhyuchonella Cuvieri, Zone of, 1182, 1191, ' 
1192 

RhynrJnmurus, 1089 

Rhyolite, place of, iu the volcanic HCiiuence, 
850 

Rhyolite family, 210 
Rhyolite-glass, 213 
RWeiria^ 945 
Riehockite, 101 

Rift Valley of East Africa, 42, 700, 1384 
Rill-marks, 643 

Rilly, Limestones of, 1234, 1235 
Rimlla, 1226*, 1260 
Ringicuia, 1269, 1282 
Ripnlolite, 106 
Rinidolitf-scbiht, 2.53 

Ilipple-ni:irks, 412 '^, 642 * 

Riaana, 1268, 1277 
Rita^ 1298 
River-sand, 162 
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Kivers, intluence of earth’s rotation on flow 
of, 23 ; affected by earthquakes, 874 ; 
sources of supply of, 481 ; discharge of, 
4S3 ; flow of, 486 ; average slope of, 486 ; 
rate of descent of, 487 ; effect of upheaval 
and ilopression on, 487 ; chemical action 
of, 487 ; niochanical action of, 490 ; 
transport by, 490 ; rafts of vegetation in, 
492 : living organisms form part of sedi- 
ment in water of, 490, 492 ; sediment in, 
494 ; excavating power of, 496 ; causes 
dctonniniiig form of channels of, 498 ; 
meanders of, 499 ; gorges of, and open 
valleys contrasted, 504 ; reproductive 
power of, ,604, alluvial fans of, 505 ; raise 
their beds, 606, 517 ; terraces of, 607*, 
508* 1336, 1349 ; deltas of, in lakes, 609 ; 
filtered by lakes, 498, 510, 522 ; bars of, 
510 ; non-tidal, 515 ; frozen, 532 ; swollen 
in summer liy melting of snow, 534 ; 
proportion of chemically dissolved mineral 
matter in watera of, 588 ; alluvia of, as 
im: |■olllhi<:lh•pl)>its, 1349 ; formerly larger 
tliuu now, 1350 
940 

JtiMimtf 1145 
1161 

Eoches montoniu'es, 550 

Eock, deffnitiou of term, 82, 159, 160 

Itook-lnisins, fonned by weathering, 466, 458; 

by solution, 477 ; by ice-erosion, 255 
Eock-orystal, 96 
Rocking Ktones, 456 
E ■ , at oxit by rain, 462* 

i: ■■ k , ;i ■ i’ conductivity of, 63 ; argu- 
ment from densities of melted and solid, 
us to the internal condition of the globe, 
69 ; occluded gases in, 85, 86 ; chief 
minerals of, 88 ; colouring pigments of, 
96 ; detennination of, 109 ; megascopic 
examination of, 109 ; chemical synthesis 
of, 119 ; microscopic investigation of, 119, 
140 ; megascopic characters of, 127 ; 
tonus <leuoting stnicture of, 127 ; terms 
expressing general composition of, 186 ; 
state of aggregation of, 137 ; colour and 
histre of, 138 ; feel and smell of, 140 ; 
specific gravity of, 114, 140 ; alteration 
of, by meteoric water, 166, 473 ; classilica- 
tiou of, 167 ; description of the varieties 
of Se<Umentary, 159 ; Eruptive, Igneous, 
Massive, or Unatratitied, 196, 705 ; nota- 
tion for, 196, 199 ; Schistose or Meta- 
morphic, 244 ; sequence of; at volcanic 
centres, 839, 849 ; experiments in crushing, 
852, 400 ; expansion of, by fusion, 398 ; 
hypogene causes of changes in texture, 
structure, and composition of, 898 ; ex- 
pansion of, by heat, 401 ; experiments in 
fusion of, 402; basic, have been repro- 
dftjed artificially, but not the acid series, 
407 ; contraction of, in passing from a 
glassy to a stony state, 408; absorbent 
powers of, for water, 410, 425 ; internal 


structures of, affected by heated water 
under pressure, 412, 414; influence of 
compression, tension, and fracture on, 
415 ; consolidation of, 416, 417, 617, 
624 ; deformation of, 418, 419, 676*, 
681, 682*, 783, 886*; plication of, 
422, 672 ; faulting of, 428, 687 ; meta- 
morphism of, 424, 764, 766, 786 ; average 
amount of water in, 425 ; alteration of 
bulk from chemical action, 426, 453 ; 
effect of rapid changes of daily tempera- 
ture on, 434, 454 ; underground saturation 
of, 466 ; subterranean alteration of, by 
permeating water, 444, 473, 474, 475 ; 
effects of frost on, 531 ; stratification of, 
634 ; joints of, 658 ; inclination of, 667 y 
rule for computing thickness of; 672 ; 
differences between deep-seated and super- 
ficial eruptive, 706 ; tectonic vclatioii< oi‘ 
eruptive, 719 ; permeation of, by granitic 
material, 728 

Rock-salt, 108, 189 ; gaseous hydrocarbons 
given off by, 318 ; lakelets formed by 
underground solution of, 477. See also 
under Salt-deposits 
Eock-slieing machines, 120 
Eogtnsiciu, 192, 1097 
Jioffe7'sia, 1211 
Eohrbach’s solution, 115 
Eontgen rays, application of, in the investiga- 
tion of fossils, 851 
Roofing slate, 171 
Edros Schists, 925 
Rose-laurel, fossil, 1276 
RosteZlana, 1219, 1226 
Rotedia, 1166, 1257 • 

Rotation of earth, 22 
Roth (Trias), 1097 
Rotbliegendes, 1072 
Eothomagien, 1196, 1200 
Bottenstone, 191 
Ruhellau, 101 
Ruby, 84, 96 
Rudisten-Kalk, 1199 
RudisteSf 1170, 1199 
Ri^foi'dia, 1185 

Rugose corals, extinction of, 1086 
Rupelian Stage, 1255 
Ruptures, minor, in rocks, 416 
Russia, geological maps of, 10 ; deserts of, 
443, steppes of, 445, 528 ; frozen rivers 
of, 498, 583 ; pre-Cambrian rocks iu, 900 ; 
Cambrian, 926 ; Silurian, 966, 976 ; 

Devonian, 998, 995 ; Carboniferous, 1056 ; 
Penuilin, 1077 ; Jurassic, 1167 ; Cretace- 
ous, 1207 ; Pleistocene, 1339 
Rutile, 86, 163, 164, 171, 773, 792 
Ryticerasn 986 

Sabed, 1165, 1224* 1231, 1247, 1267, 1262 
Saccamninaf 937, 1020 
Sacoharoid stnicture, 152, 192* 

Sageceras, 1068, 1,089 
Sagenanoy 936, 1012 
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t:ktgenite3, 1100 

Sttgcfitij/feriK^ 1085, 1112, 1185 
Sahlite, 102 

Bt. Anthony, Falls of, 602 
St. Erth Beds (Pliocene), 1281, 1282 
St. Helena, 340, 347 
St. Lawrence River, 498, 633, 688 
St. Paul Island (Indian Ocean), 336, 338*, 
340* 

St. Vincent, volcanic action in, 266, 276, 
286 

Sal-ammoniac at volcanic vents, 269, 307 
Salmia, 1168 
F:nlHrh:in 1211 
SaliiK-llun, 31 S 
ScUisbiiria. See Oinhgo 
ScUuc, 1164, 1236, 1252, 1270, 1277*, 1288, 
1304*, 1316 
“Salmien,” 927 
Salses, 318 

SVSd 108, 189, 933, 936, 977, 979, 

1 yy, l, 1072, 1073, 1077, 1084, 1093, 
1110, 1166, 1269, 1276, 1294 
ScUterella, 915 
Sf^m'frnjvih, 1107 

SaiiiO'i, Pliocunu deposits and mammals of, 
1296 

SamotJieriuiri, 1278 

Sand, varieties of, 161, 162, 178, 442 ; 
volcanic, 173 ; transport of, by wind, 436 ; 
erosion by, 436 ; facetted stones worn by, 
436 ; dunes of, 440 ; formed of organic 
remains, 442 ; limit to the attrition of 
particles of, 496 
Sand and Gravel Rocks, 160 
.V .V v ■ ■ -.v. r-93 

l!:!.*.', 'i.l-.ir.l, 436; application of 
artificial, in the investigation of fossils, 861 
Sondgate Beds, 1185 
Sand-hills, 440, 441* 

Sandlingites, 1107 

Sandstone, crushing strength of, 71 ; vary- 
ing proportion of silica and alumina in, 
109 ; investigation of composition of, 113 ; 
varieties of, 164 ; fiezible (itacolumite), 
249 ; heat evolved by, in crushing, 401 ; 
number of cubic feet to one ton of, in air, 
and in sea -water, 668 ; characters in 
sedimentation of, 636, 640, 642, 644, 
€49 ; associated with conglomerate, 650 ; 
more persistent than conglomerate, 661* ; 
comparatively rapid deposition o^ 663* ; 
veins o^ in old lavas, 769* ; rendered 
prismatic, 769 

Sandstone-dykes, 665* 666*, 759** 
Sandwich Islands. See Hawaii 
Sa^iguimtlaria, 990 
Saiigiimolite3fl02B 
Sanidine, 98 
SanUheriuirif 1297 
Sannoisian Stage, 1249, 1253, 1254 
Sansino, 1293 

Santa Chnz Formation, 1273 
Santonien, 1196, 1201 


Santorin, 268, 269, 270, 27f>, 2S7, 200, 302, 
305, 311, 327, 328, 336* 337*, 330 
Siio, 928 

1213 

Sapimine, 1211, 1223, 1231 
Sapouite, 474 

Sitporttm, 1080 

Sapphire, 84, 95 
1144 

Sicreqphihui, 1245, 1299 
Sarmatian Stage, 1268 
Sarsaparilla, fossil, 1276 
Sarseii Stones. St'v Grey Wethers 
1164* 1252, 1276, 1292 
Satellites in M>hir 15 

SduricJitUffs^ lO^y 
SdiiripteniSf 1013 
Srcuwdoii^ 1173 
S((.urofi(er{KtH^ 1090 
Saussurite, 90, 232, 790 
Sanssuritisatioii, 790 
Scuckaeu, 1286, 1316, 1330* 

Stuclfnuja^ 1334 

Saxoniau (Permian), 1069 

Saxouiau epoch in Glacial I'orlod, 1313 

Saxoiiite, 241 

Scaglio, 1206 

SciUit, 1226, 1277, 1286* 

1187, 1274 
Sculdesiau, 1289 
940 

Scandinavia, lakc-oiv of, 187 ; granite - 
j)orphyry and assoeiated rocks of, 2tl8, 
217 ; rhom]>eu-i)orphyr of, 219 ; sytmiics 
oi; 220 ; oartlKpuikcs in, 360 ; changes of 
level iu 377, 380, 382, 385, 392 ; raised 
beaches of, 385 ; unecpial uitUft of, 386 ; 
changes in level of lakes iu, 38 (> ; wde 
of uplift of, 387 ; proofs of Hubsideuce iu, 
391 ; landslips in, 481 ; cliinato of, 
affected by lakes, 521 *, glaciers of, 539*, 
640* 553; “giants’ kettles” of, 551* 
gigantic overtlirusts iu, 693, 900, 970 ; 
potrographieal province of Christiania, 
707, 708, 712 ; «’i>uUft-mcl:iniorphi.sui iu, 
782 ; regional nietnmorphisiu iu, 798, 970 ; 
pre-Cambrijiii rocUs of, 898; ('.'uubrian iu, 
924 ; Silurian, 966 ; Old Ued Saudstoiu^, 
1012; Trias, 1098; durassic, 1158; (Ve- 
Uceous, 1208; glaciation <»f, 1305, 1332 ; 
Recent period iu, 1360 ; history of flora 
of, 1360 

Scauian Epoch iu Glacial Pericxl, 1313 
ScamwriiiH^ 1208 
ScapheuSy 1119 

ScaphiU% 1171*, extiuctioii of, 1222 
St'uphnt/Hfdhus, 1123*, 1124 
BcapoUtes, 104 
Scftmiamda^ 1014 
Stteliduaaurmj 1137 
Scenelhtf 916 
Sohalstein, 176, 982 
Schillerfels, 232, 241 
SchQler-spor, 102 
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Miistes luaWea of the Alps, 802, 1099, 1373 
Schistose stnicture, 134, 244, 428 
Schists, crj'stallino, character of, 244, 246, 
428, 786 ; formed from igneous rocks, 
682, 731 ; contact-metamorphism of, 783 ; 
commonly associated with igneous masses, 
788. also mui&r Crj’-stalline Schists 
1023, 1066, 1067* 

Sc?i,ia)gr(iptvs^ 946 

St'7nzo/.y;ft. 1076 

1085 

Schizopods, fossil, 1023*, 1024, 1031 
iSch 933 

A^clthopferis, 1074 
ScJiisiiMa, 939 

Sehlieren in the banded structure of 
igneous rocks, 131, 232, 246, 256, 711, 
788, 869 ; may survive among schistose 
rocks, 246, 256 
M/iCfiMla, 1170*, 1173 
Schloinbachia rostrata, Zone of, 1182, 1187, 
V88 

Schloenbachia varians, Zone of, 1182, 1190 
1133, 1134*, 1136 
Schlotheiinia angulata, Zone of, 1133 
926 

S<'hoharie Grit, 997 
Schorl, 104, 778* 

Schorl-rock (Schorl-schist), 208, 254, 778*, 
812 

Schottor, 163, 1339 
1234 

Munts, 1237, 1249, 1264, 1273 
Srfrrupfrritfi \nu^ 1158 
923 
986 

913, 939 

1266 

Scoriiioooiis structure, 133, 306, 341, 763 
Scoria.*, 133, 274 

Scorpions, fossil, 943, 963*, 1003, 1032*, 
1033, 1069 

Scroe-xnaterial, 113, 160, 164 
^^(11 1192 

Scythian Series, 1106 

Sea, depth of, 39 ; level of, 42 ; density of, 
43 ; salinity of, 44 ; couvstituents in water 
of, 46 ; gases in, 46 ; compressibility of 
water of, 47 ; more actively erosive in 
Ruroi>e than in North Ameidoa, 55 ; dis- 
turbance of, by volcanic eruptions, 291 ; 
gahis access to earth's interior, 853, 364 ; 
effects of earthquakes on, 376 ; distance 
to which land-derived sediment is carried 
in, 518, 676 ; tides of, 666 ; low tempera- 
ture of bottom- water of, 658 ; depth to 
which erosive action reaches in, 662, 667, 
674, 676 ; ico-action on, 662, 674, 678 ; 
influence of, on climate, 666 ; the great 
distributor of temperature, 665 ; solvent 
action of, 666, 621, 624 ; chemical action 
In, 666, 682, 621, 624 ; mechanical action 
of, 667 ; zone of mechanical abrasion in, 
667 ; transport of sediment by, 676 ; 


silicates in, as the source of silica for 
marine organisms, 676 ; chemical deposits 
on floor of, 679 ; mechanical deposits in, 
680 ; blue and green muds of, 682 ; red 
and grey muds of, 683 ; abysmal deposits 
of, 683, 828 ; comparative rate of denuda- 
tion by, 593 ; final result of denudation 
by, 694 ; proportion of calcareous silt in 
water of, 613 ; preservation of organic 
remains on floor of, 827 ; destruction of 
life by irruptions of fresh water into, 828 ; 
portions of floor of, best adapted for pre- 
serving a record of marine life, 829 ; 
proofs of former presence of, 834 ; indi- 
dications of elevation of bottom of, 
afforded by shells, 1302. See also under 
Oceans and Sea-level 
Sea-dust, 444 
Sea-ice, 189, 663, 678 

Sea-level, raised by displacement of earth’s 
centre of gravity, 28 ; non-uniformity of, 
42, 377 ; raised by the attraction of high 
land, 43 ; partly dependent on compressi- 
bility of sea-water, 47 ; raised by a polar 
ice-cap, 28, 378 ; effects of rotation on, 
879 ; in Mediterranean, affected by atmo- 
spheric movements, 446, 656 
Sea-sand, 162 

Sea-nrehius, fossil, 989, 984, 1021, 1116*:, 
1167 

Sea-weeds. See Algse 

Seals in Caspian, 528 ; in Lake Baikal, 528 ; 

fossil, 1268, 1287, 1316, 1324 
Seam, definition of, 860 
Seas, enclosed, 41 

Seasons, origin of the, 23 ; influence of, on 
volcanic activity, 282 
Secondary or Mesozoic, 861, 1081 
Secretions, 136 

“Section” in stratigraphy, 860 
Sections, geological, exaggerated outlines iu, 
63 

Sedge, fossil, 1276 
Sedimentary rocks, 158, 159, 633 
Sedimentation, uprise of isogeotherms owing 
to, 393, 396, 399 ; conditions for, on sea- 
bottom, 649, 829 ; contrast of Palseozoic 
and Mesozoic, 1082 ; ternary succession 
of, 1113 ; indications of shallow water 
afforded by, 1864 
Seeley 1068 

Segregated structure. See Banded structure 
Segregation-veins, 741 
Seiches of Isdces, 620 
Seine, floods of, 481 ; discharge of, 484 
• Seismic vertical, 866 
Seismology. See Earthquakes 
Selbomiau, 1186, 1188 
SeleTiaoodoni 1179 
Selenite, 107 

Selenium at volcg-nic vents, 269 
Selenocldwna, 1066. 

Semionotus, 1089 
' Semi-opal, 95 
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JSemivertar/ifs, 12*37 
Bern nop itliecHSy 1291, 1295, 1297 
Senoniau, 1182, 1192, 1194, 1196, 1201, 
1204, 1205, 1206, 1208 
Sepioidea, appear iu the Lias, 1118 
Septarian structure, 136, 187*, 647 
J^ptastrasa, 1149 
Septifer^ 1192 

Sequanian Stage, 1149, 1153, 1156, 1157 
Bequoia, 1165, 1223, 1247*, 1262, 1276 
Sericite, 100, 254, 790 
Sericite-schist, 253, 255 
Sericitisatiou, 790 
Series ” in straticrraphy, 860 
Serpentine, 101, 105, *ii0. 241, 242*, 243, 
253 ; metamorphism around, 784 
Serpentinisation, 242*, 791 
Serptila, 939, 1134 
'2c’"’viV. ■^’•''^ective influence of, 604 
9 i9, 1022 
- 1260 
Seter of JSiorway, 883 
Sevatian Group, 1106 
Seve Group (Scandinavia), 899 
Severn River, 484, 610, 657 
Sezanne, travertine of, 1234, 1235 ^ 

Shales, varying proportions of silica and 
alumina in, 108 ; varieties of, 169 ; rela- 
tive persistence of, 651* ; search of, for 
fossils, 851, 852 

Shallow water conditions, indications of, 644, 
834 

Shaly structure, 136 
Shannon River, 486 
Sharks, fossil, 988 
Shasta-Ohico Series, 1215 
Shear-structure, 419, 421, 681, 682*, 795* 
Shearwaters, fossil, 1254 
Sheets, contemporaneous, 763, 759 j in- 
trusive, 287, 313, 732 
Shell-hanks, 613 

Shell-horings, as proofs of upheaval, 881 
Shell-marl, 177, 624 

Shell-mounds (Ejflkken-mdddinger), 1360 
Shell-sand, 178, 442 

Shells, variable durability of, accordiug as 
they are formed of calcite or aragonite, 
106, 156, 177, 613, 830, 831 
Sheridan Stag^ 1317 
Shiueton Shales, 923 
Shingle, 163, 680 
Shonkinite, 222, 223 

Shore-conditions, indications of former, 644, 
834 

Shore-deposits, 580 

Shorthorn, introduced in Neolithic time, 
1356 

Shoshonlte, 228, 236 
JShwmardia, 922 

Siberia, upheaval of coast of, 880, 888 
JSibiriteSf 1089 

Sicilian Stage (Pliocene),. 1278, 1290 
Sicily, sulphur deposits of, 93, 451 ; salses 
in, 818 ; eruptive salineUa of Patem6 in, 


358 ; Cretaceous system in, 1206; Plio- 
cene of, 1292; volcanic phenomena in, 
see tender Etna 

Siderite, 91, 107, 135, 187, 194 ; as a petri- 
fying medium, 831 
Siderites, or iron meteorites, 16 
Siderolites, 16 

SigUlarWi as a characteristic fossil, 837 ; 
occurrence of, 1010, 1019, 1028, 1029*, 
1066, 1085 

Silica, or silicic acid, 84 ; proportion of, in 
earth’s crust, 87 ; colloid condition of, 
89; concretionary forma of, 91, 335; 
chief occurrencevS of, 94 ; proportion of, iu 
sedimentary rocks, 109 ; deposits of, by 
organic agency, 179, O'^P. 61'' : 
of, at fuinaroles, 314 ; ..i* . i: .''i. 

of, into rocks, 428 ; solution of, by natural 
water, 452, 470 ; liberated by decomposi- 
tion of silioatoH, 462, 470 ; as a petrifying 
medium, 474, 881 ; proportion of, in river- 
water, 488, 489 ; souiue of, for mwine 
organisms, 676, 626 ; relation of, to 
I humus iu river-haains, 699 ; in oceanic 
I deposits, 624 ; iu limestones, 648 ; iutro- 
; duced and indurating rocks in contnet- 
metainorpliism, 768 ; as a couatitueiit of 
organisms, 830 ; soluble, in sedimentary 
deposits, 1162, 1188 

Silicates, 84, 97, 158 ; decomposed by alka- 
line carbonates, 414, 470 ; alkaline, 
chemical reactions of, 415 ; doeom position 
of, by rain, 452 ; probable source of silit'a 
to mariiio organisms, 575, 625 
Siliceous, delined, 137 

deposits of organic origin, 624 

schist, 249 

Silicificatioii, 177, 179, 625, 648, 831, 1162, 
1167 

Silicon, proportion of, in outer i>art of earth, 
S3, 8 i ; dioxide or silica, 84 
Siliqmi 1299 

Sillimauite, 103 ; iu contwit-metainorphism, 
7/3, 797 

Sills, 287, 313 ; characters of, 732* ; lacco- 
litic form of, 736 ; eifects of, on cou- 
tipous rocks, 736, 767 ; connection <d; 
with volcanic tuition, 736 
Silurian system, phosphatic doposits in, 180; 
cherts of, ISO ; volcanic plnmomcna of, 
313, 348, 761, 935, 946, 9'!?, IMP, 953, 
963, 966, 972, 974 ; rocks of, wedged iu 
along border of Scottish Highlands, 796, 
952 ; account of, 933 ; origin of name of, 
933 ; flora of, 936 ; fauna of, 937 ; in- 
dications of climate in, 943 ; evidence of 
great terrestrial movemouts in, 953 ; 
evidence of a wide region of, free from 
those movements, 967 ; distribution of, 945 
Silurique, proposal of term, 918 ^ 

SmJhiTakfUeSi 1X83 
Smia^ 1297 
Siniocymt 1296 
Sinosatvrua, 1089 
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Sinemuriau Stage (Lias), 1151, 115*i 
Siuesiati Formation, 932 
‘‘Sinks” in calcareous districts, 477 
Sinopat 1229, 1243 

Sinter, calcareous, 191, 476, 605, 611 ; 
siliceous, 95, 195, 291, 316, 317, 476, 
609, 611 
SiphOj 1333 
Siphonia^ 1166*, 1167 
Sl/iJmifi 939 
1106 

Sirocco-dust, 444 
SiroiiecteSf 1215 
SivatheHumt 1278, 1296 
Siwalik series of India, 1241, 1297 
Skaptor Jokull, eruptions from, 277, 295, 
300 

Slaggy texture, 183, 274, 341 
Slate, 170, 417 ; heat evolved by, in crush- 
ing, 401 

Sleet, production of, 447 

i^ckcn<ides, 661, 688 

Slimonia, 942, 1005 

Sloe, fossil, 1287 

Sloths, fossil, 1273, 1317, 1361 

Smaragdite, 102 

SmilcLCj 1223, 1268 

Snails, rock-boring by, 602 ; early forms of 
land-, 1033 

Snake Eiver, lava-fields of, 344* 

Snakes, fossil, 1271 

Snow, forms of crystals of, 189 ; transport 
of, by wind, 437 ; occasionally laden with 
: diist, 440, 444 ; production of, 447, 533 ; 

geological action of, 534 
Snow-ice, 189, 635 
Snow-line, 633 

Soda, proportion of, in earth’s crust, 87 ; 

occurrence of natural, 190, 325 
Soda-lakes, 627, 531 

Sodium, proportion of, in outer part of earth, 
83 ; combinations of, 85 
Sodium-carbonate at volcanic vents, 269 ; in 
bitter lakes, 525, 529 

Sodium-chloride in sea- water, 46 ; argument 
fix)m, as to age of the earth, 78 ; occur- 
rence of, 107, 189 ; in minute cavities of 
rocks, 144 ; deposits of, 189 ; at volcanic 
vents, 269, 307 ; as an efflorescence pro- 
duct in dry climates, 446 ; in rain, 449 ; 
in springs, 472 ; in rivers, 488 ; in bitter 
lakes, 527 ; precipitation of, 529, 530 
Soffioni, 313 

Soil, nature and varieties of, 161, 460 ; for- 
mation of, 438, 469* ; influence of earth- 
worms on, 460, 600 ; removal and renewal 
of^ 461 ; chemical action of, 469 ; effects 
of frost on, 532 
Soil-cap, 462, 532, 669 
S»issonnais, Sables du, 1235 
Solariunif 1170 
Solmter^ 1139 
Solecurtust 1283 
SoUmya^ 1066 


Soldi, 1260, 1269, 1299 
Solenbofen, lithographic stone, 1155 
SoU'iwmya, 1270 
Solmoplenra, 915, 936 

Snh')lOi//<i 1088 

1,1/ v/, •„»/./ 1223 

Solfatara of Naples, 266, 813 ; of California, 
&c., 811 

Solfataric alteration, 313, 230, 269, 313, 
772 ; phase of volcanic energy, 267, 278, 
289, 313, 811 ; deposition of mineral 
veins, 811 

Solidification, contraction of glassy rocks in, 
408 

Solids, experiments on flow of, 421 
Solomon Isluiid.*-, upraised coral-reefs of, 
382, 622 

Solution, by rain, 451 ; by underground 
water, 473 ; mineral veins formed by, 809, 
810 

Solutions, use of heavy, in petrography, 116 

Solutrian series, 1349 

Solv^bcrgite. 208, 221, 223 

Sonninia, 1139 

Sonstadt’s solution, 115 

Soret’s principle in rock differentiation, 714 

Sores:, 1287 

Sorrel, fossil, 1276 

Souslik, fossil, 1304 

Spain. See Spanish Peninsula 

Sfjiihtoutm 1128 

Spanish Peninsula, geological ninp<% of, 10 : 
earthquakes in, 359, 366, 375 ; Canibriaii 
formations in, 928 ; Silurian, 973 ; 
Devonian, 994 ; Carboniferous, 1054 ; 
Permian, 1075 ; Trias, 1098, 1104 ; 
Jurassic, 1166 ; Cretaceous, 1206 ; Oligo- 
cene, 1258 ; glaciation of, 1308 
Sparagmite, 167 
Sparidce, ancestors of the, 1173 
Spormacian, 1234, 1235 
Sparodtis, 1068 
Spars of mineral veins, 814 
Spatanrjtcs, 1256, 1274 
Spathic iron, 107, 194 
Species of organisms, derivation of, by 
descent, 836 ; slow dispersal of, 838 ; 
slow evolution of, 838, 842 ; disappearance 
of living, in geological formations, 856 ; 
succession of, in the Geological l^cord, 
866 ; once extinct, never reappear, 856 
Specific gravity, determination of, 114, 140 ; 
influence of, in differentiation, 406, 407 ; 
of . glass less than that of crystallised 
material, 214 

S])ectTOscopic investigation, 17 
Specton Clay, 1145, 1147, 1168, 1182, 1183, 
1202, 1207 

Spenyiophilus, 1304, 1336, 1352 
SphaereseocJvus, 941 
Sphamwn, 1260, 1287 
Sphferoceras, 1151 
^hmonitea, 938* 

I ^hterophtJwlrms, 915 
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SSnhfr-'^ci.-^criV. 187, 195, 647, 1016 
.sy. # .,1170 

Sphagnum as a peat-former, 606 
Sphagodm, 942 
Sphenacantkus^ 1024* 

Sphene, 97, 104 ; artificial formation of, 418 ; 
as a contact-mineral, 773 

SnhifnififPri^rthtfi, 1173 

1172 

SphenophgUimif 1028, 1074 
SpheTwptendium^ 937, 1012 
SpJieaopteris, 987, 1002, 1026*, 1071, 1085, 
1109, 1112*, 1185 
Sphenozamitea^ 1086 
Spheroidal structure, 133 
Sphonilitic structure, 181, 132*, 152*, 153 
15-1, 19t5, 211, 214; artificially obtained, 
406, 414 ; conditions for production of, 
7l8 

Sphyradoceras^ 986 
Spider, fossil forms of, 1032, 1248 
2^S, 783 

fossil, 1251 

Spinels, 97 ; artificially formed, 406, 413 
Sfdnycf, 940, 985*, 986, 1021*, 1022, 1066 
Sjdnu'ruiri, 1021*, 1078, 1096, 1116*, 1135 
Spirifers, extinction of the, 1115 
Sp'r'^^rn. 1161 
iij 912 

Spl '..-' .. i2l2 

Sf’*' I. • ■'*. n 1." 

SpiroT^is, 939, 1022 
i^mda, 1118 
Spisuia, 1284 

Spitzbergen, uprise of, 380, 387 ; effects of 
frost at, 532 ; glaciers of, 539, 547, 556 ; 
^ft-wood in, 581 ; Old Bed Sandstone 
in, 1018 ; Carboniferous, 1056 ; Permian, 
1081; Trias, 1108; Jurassic, 1158; 

Cretaceous, 1208 ; Miocene, 1271 
Splintery fracture, 138 
J^OTidyhcs, 1169*, 1282, 1258, 1263, 1296 
Sponges, protective influence of some, 604 ; 
contribute to siliceous drr 624; 

earliest known, 911, '.•IJ , I'lC, 947 ; of j 

Triassic time, 1086; Jurassic, 1114; 1 

Cretaceous, 1166*, 1167, 1186 
Spmgioviorpha, 1086 
Spotted schist, 248, 773, 779, 780, 781 
Springs, evidence of hot, ,as to earth*s in- 
ternal heat, 60 ; influenced by volcanic 
eruptions, 285 ; hot, 815, 468, 469, 473 ; 
analyses of waters of, 317 ; affected by 
earthquakes, 374 ; origin of, 465 ; varieties 
of, 467, 468, 470, 471 ; affected by varia- 
tions of atmospheric pressure, 467 ; 
tcmpcratu7‘c of, 468, 470 ; chemical action j 
of, 469 ; dejmsits from, 469, 475 ; stih- { 
st;in(:e> dissolve i by, 470; calcareous, 
471 ; ferruginous or chalybeate, 471 ; 
brine, 472 ; medicinal, 472 ;. oil, 473 ; 
amount of mineral matter ‘discharged by, 
477 ; tunnels and caverns made by, 477 ; 
mechanical action of, 479 ; deposit of 


minerals and ores by thermal, 811 ; pre- 
servation of remains of plants and animals 
in deposits of, 627 

Spruce-fir, fossil, 1 287 ; history of migration 
of, into Scandinavia, 1360 
Sprudelstein, 191 
^tabdon, 1245, 1261 
Squamata (lizards), fossil forms of, 1175 
Sqnatina, 1255 

Squirrels, early forms of, 1227, 1234, 1271 
StachaQinuluria, 1028 
Stacheia, 1020 
StacTieoc&ras, 1067 

“Stage *’ or “G-roup” in stratigraphy, 860 
Stagodon, 1179 
Stagomlepis^ 1090 
Stalactite, 191, 451, 474*, 475 
Stalagmite, 191, 451, 475, 827 
Stampian Stage, 1249, 1253, 1254, 1259 
Star-fishes, fossil, 912, 914,* 984, 1115 
Star Formation (Queensland), 1058 
Stars, composition of the, 18, 10 
968 

Sraiiv<)liie, 103; in contact-metiinioiqdiism, 
773, 797 

Staurolite-slate, 248 
StauToneiimt 1167 

Steam, influence of, in volcanic eruptions, 
266, 285, 286, 291, 294 ; absorbed in the 
siibteiTauean magma, 853 
Steirnmnnites, 1106 

Stegocephidia, the earliest known amphibia, 
1083, 1068, 1069, 1089 
SUgoceft'oa, 1217 
Sfegodon, 1207 
Stegosaunis^ 1125 
Stdlmter, 1189 
Stellhpongia^ 1086 
Stcnarcestea, 1108 
Steuaster, 948 

Steneofher, 1249, 1254, 1273 
Steneosaimrs^ 1122 
Stmothccdt 915 
Sfmnfhyr^r, 1 250 
StuphaniMii (Csirboniferons), 1051 

Sti'ii’h'inUi'ii, 1106 

Sh 938 

Stq>heocmis, 1119, 1138* 1130 
Stepheoceras b --.ii . Zone of, 1130 

Steppes, faun.. I:;.";' 

Stcrcidia^ 1217 
Stereuc^phalxfs^ 1217 
SterpognaiJiva^ 1128 
Sfpmirnrfn\ 1069 
Sfernbergia, 1028, 1071 
Stigwaria, 1004, 1019, 1028, 1020*, 1030*. 
1065 

Sf-igwariipabf 1019 

Stilbito, 96, 104 

Stinkstein, 191 

Stookdale Shales, 964 

Stocks and Stock -works in mining, 818 

Stomatnptfra, 1115, 1168 

Stomatopsb^ 1240 
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Sdomechmus, 1189 
“Stone-rivers,"’ 462 
Stone Age of Prehistoric Period, 1347 
Stonesfield Slate, 1138, 1140, 1141 
Storks, fossil, 1264 
Storm-beaches, 580 
Storms, destruction of life by, 828 
Stoss-seite in glaciation, 1304 
Strain-slip cleavage, 681 
Strand-lines. See Beaches, Raised 
Straj^Tollv^j 986 

Stratification and its accompaniments, 633 ; 
forms of, 634 ; physical conditions in- 
dicated by, 684, 635, 639, 643, 649, 653, 
667 ; irregularities in, of contemporaneous 
origin, 639 ; deceptive effects of overthrust 
faults in, 641 ; surface-markings in, 642 ; 
alternations and associations of sediments 
in, 649 ; relative persistence of different 
kinds of sediment in, 651 ; relative lapse 
of time indicated by, 658 ; ternary sucoes- 
sipn of sediments in, 666 ; classification 
of sedimentary groups in, 666 ; deceptive 
.npponrnnccof horizontalityin, 669 ; affords 
:i (L-dum line for computing effects of up- | 
heaval and denudation, 1364 ; influence 
of, in scenery, 1379* 

Stratified structure, 186, 168, 160 
Stratigraphy, principles of, 855 ; proposed 
scheme of, based on the succession of 
mammalian forms, 1220 
Strato-vulkane, 824 
Stratum, definition of, 635, 860 
Streake<l structure, 131 
Stream-works for ores, 812 
StreUoceras^ 1261 
SMloptej'ia^ 1066 
Sfrepsirfrofi, 1297 
1031* 

Sf.reptelama^ 937 
S&nijtiSf 944 

w. 990,1022, 1078 

s;r : 'r I in boulder-clay, 1312 

•*. Pi') 

Strike of rocks, 670 ; relations of, to curva- 
ture, 673 
Strike-faults, 695 
Sti'iko-joinis, 660 
SfrlvffocepMm^ 986*, 986 
Strict 1264 
Sirotnatmnorphaf 1086 
Sf.roniatopor(ij 939, 984 
Simnifiodee, 937 

Stromboli, 267, 276, 280, 282, 283, 294 
Strombolian phase of volcanic energy, 278, 
289 ; influenced by the seasons, 283 
Sinmifmt 1170, 1268 
Strontianite, 86 

Strontium, propoiiiion of, in outer part of 
fR.rthy 83 ,* combinations of, 86 
StrophalMia, 986, 1066, 1067* 
StwpJmxltmta^ 955, 986 
StrophUesy 1003 
Strophodve, 1141 


StropJiomma, 939, 948*, 962* 

Strophmiella^ 966 
Structure in rocks, 127 
Stndhio, 1296, 1297 
Sturgeon, fossil, 1287 
Sti/lacodo7it 1159 
Stylastraia, 1188 
Stylnui, 1086 
Stylinodo^U 1228, 1243 
Styliola, 932 
Stylocalaniites, 1065 
Stylocoenia^ 1236 
Stylodoii^ 1128 
Stylolites, 420 

042, 1005 
#.’■ /■/ 1086 
StyraXi 1268 
Styrites, 1107 

Subaerial conditions, evidence of former, 
643, 834 

Snb-Apennine Series, 1291 
Snbdthu Group, 1241 

Sublimation, products of, 96, 268; at vol- 
canic vents, 268, 313, 814 ; on lava- 
streams, 307, 309 ; e:cperiments in, 408 ; 
in connection with mineral veins, 810 
Subsidence, at volcanic vents, 310 ; from 
earthquakes, 374 ; secular, 877 ; evidence 
for, 388 ; causes of, 392, 408 ; attributed 
to deposition, 396, 399 ; may not materi- 
ally alter rocks, 399 ; effects of, on rivers, 
874, 487 ; shown by peat-mosses, 608 
Subsoil, definition of, 161 ; formation of, 
438, 459*, 461 
SiibidUes, 915 
Succinea^ 1284, 1334, 1362 
Suchodm, 1144 
SiicliosanTUs, 1175 
1116, 1136 

Suessonian Stage, 1240 

Suez, saliferous deposits near, 530 

Snla, 1254 

Sulphates, 86, 107 ; as efflorescence pro- 
ducts, 446 ; iu rain, 449 ; reduction of, 
to sulphides, 451 ; decomposed hy alka- 
line carbonates, 470 

Sulphides, 108 ; weathering of, 451 ; deposits 
of, now forming, 628 ; in mineral veins, 
809 

Sulphur, proportion of, in outer of earth, 

83 ; trioxide, 84 ; combinations of, 86, 
107, 108 ; native, occurrence of, 92, 461 ; 
at volcanic vents, 269 ; as a mineralising 
agent, 416 ; results from decomposition 
of gypsum, 451 ; springs, 472 ; deposits 
of, 1259 

Sulphuretted hydrogen in Black Sea, 47, 
628 ; as a source of native sulphur, 92, 
451 ; at volcanoes, 268, 313 ; at mud 
volcanoes, 318 ; in springs, 472 ; in 
lagoons, 579 ; in blue mud of sea bottom, 
582 ’ . 

Sulphuric acid, composition of, 84 ; at vol- 
canic vents, 268, 313 ; in atmosphere, 
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449 ; destructive iuliuence of atraosplieric, 

Sulphurous acid at volcanoes, 266, 268, 286 
Sulphurous waters, 472 
Sumach, fossil, 1276 

Sun, composition of the, 18; influence of 
attraction of, 29 ; age of, in relation to 
that of earth, 80, 81 
Sun-cracked sediments, 643*, 987 
Sunlight, effect of, on some minerals, 432 
Superposition, drder of, 657, 835 ; funda- 
mental importance of in stratigraphy, 657, 
835, 855 

Surturbraud, 182, 1260 

1237, 1272, 1287, 1291, 1295, 1297 
Swabia, volcanic vents of, 280 
Swallow-holes, 477 
Sweden. See Scandinavia 
Swinestone, 191 

Switzerland, geological maps of, 10 ; earth- 
quakes of, 369, 362, 364, 369 ; landslips 
of, 480, 481* ; avalanches in, 493, 534, 
643 ; glaciers of, 538*, 539*, 549*, 553, 
655 ; “ giants' kettles ’* of, 551 ; erratic 
blocks in, 554*, 1338 ; Eocene osseous 
breccia in, 1237 ; Oligocene, 1267 ; Miocene, 
1270 ; interglacial deposits in, 1338 ; succes- 
sion of gl^ial deposits in, 1339 ; Neolithic 
deposits in, 1360 ; sections of Jura in, 
1368, 1369. See dUo under Alps 
fossil, 1338 
/■. 1201 

Syene, granite of, 206, 216 
Syenite family, 216 

porphyry, 217 

Sylvine, 190 
Syvihtyrodoiii 1249 
Syjnphysurus, 922 
Symplocost 1231 
Syndases, 658 

Synclines, 675 ; not usually marked at the 
surface by lines of valley, 1368, 1384 
Synclinoria, 678 
Syuodadia, 1066 

Synthetic organic types. See Generalised 
organic types 
Byrinyodcndron, 1019 
SyringoUt^, 937 
Syringopora^ 937, 984 
“ System ” in stratigraphy, 860 
Syste7}iodon, 1243 

Tablelands, 53 ; estimated rate of denuda- 
tion of, 692 ; twofold origin of, 1381 
Tachylyte, 235 

Tmtiopteria, 1065, 1085, 1112* 1245 

Talc, 101, 105 

Talc-schist, 253, 269 

Talchir Group, 1058, 1079 

Tfdpa, 1287 

Talus-slopes, 160 

Tlmcredta, 1139 ' I 

Tangles, protective influence of, on coasts, 


Tanne Greywaoke, 937, 976, 993 
Tapes, 1087*, 1263, 1264* 

Tapinoceplmlids, 1080 
r 1089, 1090 

T.' T228, 1249, 1271 

‘lapi) tUiin, llSwi 

Tapirm, 1249, 1291 
Tar, mineral, 186 
Tarandiaii (Reindeer) Epodi, 1349 
Tarannoii Shales, 953, 965 
Tasmania, geological map of, 11 ; pre- 
Cambrian rocks in, 907 ; Cambrian, 933 ; 
Silurian, 980 ; Carboniferous, 1060 ; older 
Tertiary, 1245 

Tasmanian Devil, fossil, 1300 

Taunus, inot:iniorphi«m in the, 800 

Taxites, 1140, 1257 

Taxitic atnicture, 131 

Taxoctrimie, 1022 

Tmcediim, 1214, 1262, 1276 

Taxoxylou, 1257 

Tchemozom, 161, 169, 460, 606 

Tealby Series, 1182, 1184 

Tegel, 1268, 1294 

Tejon Series, 1244, 1260 

Tdeeccrits, 1278 

Tekosaurus, 1122 

Telcostcifs^ 1207 

Tderpeton, 1089 

Tdlinct, 1216, 1242, 1263, 1277, 1316, 1330* 
Telmatmiis, 1179 
Tdmatothcrinm, 1243 
Telmatotheriuni Beds, 1243 
Temnedhiiins, 1278 
TemnodteilKH, 1066, 1087*, 1088 
Teiimocidaris, 1208 
Tmnocyon, 1273 

Temperature, zone of, invariable beneath tlio 
surface, in crust of the ciirth, 60 ; increase 
of, downwanls, 61, 412 ; critical, 72 ; 
of earth’s nucleus, 72; water- vapour in 
lava above critical, 267, 29-1 ; ollVct <>f 
changes of, on i-ocks, 434 ; in oceans, 558 
Tmpshya, 1066, 1185 
Tench, fossil, 1287 
Teneriffe, Peak of, 330*, 331, 339* 

Tension, influence of, ou rocks, 415 ; joints 
due to, 661 ; rui)turiiig by, 684 
TmiUmlUe^, 933, 940, 986 
Tephrite, 237 
Temtcmmws, 1089 
Terehra^ 1263, 1298 
TerekutdlH, 1141, 1168, 1261 
Terehmtvld, 960, 1021* 1022, 1071, 1096, 
1116* 1168*, 1256, 1271, 1283 
TerdiratuHna, 1168, 1245, 1292 
Terobratulina lata, Zone of, 1182, 1102 
Tereb^rirostra, 1168 
Teredo, 1211 

Termites, geological operations of, 628 < 
Terra rossa, 457 
Terrace-Epoch, 607, 1845 
Terraces of rivers, 507, 1346 
Terrain SidMithique, 1265 
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Tertiary Formations, volcanic rocks in, 281, 
845, 348, 349, 744 ; metamorphism of, 
804 ; stratigraphical position of, 861 ; de- 
scription of, 1219 
Teschenite, 234 
Testvilo, 1254, 1296 
Tetrabelodo}ij 1299 
Tetraconodoiif 1297 
Tetmcus, 1249 
Tetnigonites^ 1172 
Tetmgo'iiolepis^ 1122 
Tetragrajitus, 932, 936*, 988, 946 
Tetrcdnphodont 1294 
Tetmpt 67^18, 1231 
Teuthopsis^ 1118 
Textvlanaf 1020, 1166, 1267 
TJudassemya, 1146 
Tlutlcbssocet'os, 1067 

Thames Eiver, 484, 486, 487, 488, 489, 492 
ThminaairKO, 1086, 1114 
Thmiuiisciis, 1022, 1066 
Tii^amnograptua, 978 

Thanet Sand (Thanetian), 1229, 1234, 1236 
Thaumatosaunis, 1137 
1008 

y'l .M.'. , ,, 

Thecklium'r 1186, 1193 
Tlmodontoaaurmt 1089 
Thecosmilia, 1086, 1114, 1133 
Thclodm, 942, 1007 
Tivconoa, 1277, 1282* 

Theralite, 232 
Thct'euthcrinpi^ 1249 
TheridoinuHi 1234 
Theriodouts, 1090 
Thmosuchua, 1147 
Thermal conductivity of rocks, 63 
ThtTiij.ll sprini:*,, 60, 291, 316, 469, 471, 473 ; 
deposits from, 469 ; temperatures of, 473 ; 
chemical composition of, 473 

766, 779 | 

"'.n-: i" .i”’i • !■■.'!» •«. 1069, 1078 

y. / 10-0. IMl 
Ti:!' ■’■■.i", O-Il 
Thinopusy 987 
Thoulet’s solution, 116 
ThmciOy 1093, 1146 
Thracian Stage, 1294 
Thriasopsy 1122 
Throw of faults, 690, 694 
Thrust-planes, ilofinition of, 691* ; examples 
«>r, tS77^"7^•3^ 794, 1053, 1054, 1370 
Thuja, 1257, 1292 
Thujitesy 1166 
ThuJopaiSy 1271 
Thun, Lake of, 610 
Thuringiau (Permian), 1069 
Thuramay 1006 
Thyaairay 1299 
TkyeaUay 942 
aniylucinvay 129^ 

Thylacoleoy 1299 
Thjp'aopaiay 1161 
Thyaanoct'inica, 938 


Tiama'inii8y 984 
Tiber River, 492, 615, 517 
Tihetitesy 1089 

Tidal, retardation, argument from, as to age 
of the earth, 79, 81 ; erosion, 574 
Tides, argument 'from, as to internal condi- 
tion of the globe, 69 ; cause and varying 
height of, 556 ; erosion by, 574 
Tiefen-gesteine of Rosenbusch, 197 
r^27 

r'-.-.,. ^i.'\l090 

Tilestones, 968, 961 

Till. See Boulder-clay 

Tillodonts, 1228, 1243 

TillotJieidiuUy 1228, 1248 

TiiihanoceraSy 986 

Tinguaite, 208, 221, 223 

Tin-ore, veins of round granite bosses, 809 

Tinoceraay 1228*, 1229, 1243 

Tinodoiiy 1159 

Tirolian Series, 1106 

TiroUteSy 1089 

TiaaotiOy 1173 

Titanic acid, proportion of, in earth’s crust, 
87 

Titanic iron, 96 ; artificially formed, 413 
Titaniehthyay 988 
Titanite, 104 

Titanixim, proportion of, in outer part of 
earth, 83, 85 ; combinations of, 86 
TUaiimnyay 1254 
TiUtnoxjay 1249 
Titanoawimia, 1173 
TitanoaioihuSy 1089 
Titanotheriumy 1249, 1265 
Titanotherium Beds, 1260 
Tithonian, 1148, 1166, 1160 
Toads, fossil, 1271 
Toadstone, 1041 
Toarcitm Stage (Lias), 1151 
Toditeay 1112 
Tmnaculum, 923 
Tonalito, 224 

Tonga Islands, submarine eruptions of, 334, 
336 ; elevation of, 621 
Tongrian Stage, 1253, 1266, 1268, 1269 
Torbanite, 185 
Tordlelloy 916 
TorMay 1086 
TwwimaSy 986 
Torrejon Group, 1243 

Torridon Sandstone, evidence of slow deposi- 
tion of, 76 ; axkose of, 167 ; vesicular 
pelibles in, 848 ; dykes of, in Lewisian 
gneiss, 665*, shearing of, 682*, 683* ; 
tension ruptures in, 684* ; stratigmphical 
position of, 793*, 883 ; detailed account 
of, 890 ; possible traces of organisms in, 
891, glacial-like characters of, 1309 
Tors, origin of, 456, 467* 

Torsion, joints due to, 661 
Tortoises, fossil, 3,281 
Tortonian Stage, 1266, 1270, 1271 
Toscanite, 228 
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Totamis, 1254 
Tourmaline. 104, 163 
Tourmaline-schist, 254 
Tomste}\ 1168 
Toxodontia, 1278 
Trachodon, 1176, 1217 
Traclii/c-erast 1089 
Trachyderma, 961 
Trachydolerites, 228 
Trackypara, 984 

Trach;ji:e, 226, 227 ; forms domes, 323, 829, 
761 ; place of, in volcanic sequence, 360 ; 
metamorphism by, 770 
Trachj"te-glass, 227 
Trachytic andesite, 229 
Trachytoid structure, 162, 196 
Trade Winds, 22, 560 
Tragoceraa, 1278 
Tragalohyus, 1249 
Tragidus, 1297 

Transition Bocks, 861, 916, 983 
Trapexiu))i, 1136 
Tra^, 176, 271 
Travertine, 191, 476, 631, 611 
Trechomys, 1234 

Trees, erect, in sandstone, 650*, 664* ; 
chronoloeical indications fumislied by, 
654*, 655* ; in basalt, 758* 763 
Tree-ferns, fossil, 1026, 1066 
Tremodoo Slates, 921, 922, 945 
TreimnotuSi 1109 
Trematis, 939 
Trenmtdbfilus, 916 
TretncUosaurm, 1089 
Tremolite, 101 
Trenton Group, 978 
TreioceraSj 965 
Tretostermim, 1147 
Trmmnthodon^ 1128* 

Triarthrus^ 941 

Triassic system, origin of name of, 1084 ; 
remains of volcanic action in, 849, 1099, 
1102 ; footprints in sandstone of, 644* ; 
sections at top of, 649*, 652* ; meta- 
morphism of parts of, 804, 1099, 1106 ; 
description of, 1084 ; lagoon phase of, 

1084 ; pelagic phase of, 1085 ; flora of, 

1085 ; fauna of 1086 ; in Britain, 1091 ; 
in Ontral Europe, 1095 ; in S.-W. Europe, 
1098 ; in Scandinavia, 1098 ; in the Alpine 
region, 1098-1104; in Asia, 1106-1103 ; 
in Arctic Ocean, 1108; in Australasia, 
1108 5 in AMca, 1109 

Tricmtes, 1243 
Triceratops, 1176 
Tricdvmkm^ 1286 
Tricmwdon, 1128*, 1169 
Tridymite, 96 ; artificial, 407, 413 
Trigeriaf 986 

Trigonia, 1108, 1116, 1118* 1119* 1169, 
1245, 1800 , . 

Trigonocarpiis, 1028 
Tvigomdm, 1088 
TrigoTMigmptm^ 946 


Triguiiolestes^ 1248 
1168 
1-213 

Trilobites as characteristic fossils, 837 ; 
phylogeny of, 886, 847 ; earliest forms of, 
912* 913 ; eyes of, 914 ; great profusion 
of, in Silurian time, 940, 974 ; diminution 
of, in Devonian period. 98 1 ; still further 
waning of, in ('iirbouiferou* time 1023 ; 
last found in Permian rocks, 1066 
Tri7r,phr.dmi ^ 1294 
Trinti'r'lffi 963 

Ti'imei'ocepJudits, 941, 986, 994 
Tinmei'ocei'as, 940 
Tringa^ 1254 
Trinity formation, 1212 
Trinud&iiSs 941* 

Trionyx, 1214, 1281, 1251, 1297 
Triplesia, 948* 

Triplopus, 1243 . 

Tripoli powder (Tripolite), 96, 179, 610 

Tnprkdoii. 1179 

Tristan d'Acunha, 341, 347 

Tnstidiimf 1043 

Ti'idi di 1005 

r/'.V..//, T202, 1282 

Trifono/usifs, 1277 

Tritons, fossil, 1287 

Trivia, 1245, 1277 

Troclimimma, 1020 

Tfodiocems, 966, 962* 

TrocHiOcyathua, 1167, 1300 
Trochooystites, 912 
Trochmieim, 916 
Trocfiosmilia, 1167 

Trochits, 962*, 1117, 1170, 1253, 1267, 1277 
Trocolite^, 949 
Troctolite, 282 
Troglodytes, 1297 
Trogons, fossil, 1254 
1285 

T-y .■!, 390, 

Troostocrimis, 939 
Trophon, 1280* 1330* 

Tropidomris, 1006 
Ti'^ydd^icyltts, 984 
1287 

r-^.v 1.)89 
Trunccdidhia, 1257 
Tryhlidium, 940 
Trygon, 1261 
T^ibicaidis, 1073 

Tufa, calcareous, 191, 476, 531 ; as a Palteo- 
lithic deposit, 1350 

Tuf^ volcanic, 169, 172, 174*, 271, 276, 
763 ; submarine, 339 ; importance of, in 
the inyestigation of former volcanic action, 
764 ; fossiliferous, 765 ; examples of, 755- 
762 

Tuffeau, 166 

Tulip-tree, fossil, 1166, 1276 
Tunbridge Wells Sand, 1184 
Tundras, 161, 460, 628, 606 
Tunny, fossil, 1287 
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Turbariati Epochs in Glacial Period, 1313 
Ti(.rbiriolia, 1238, 1257 
Turbo, 1066, 1101, 1117, 1170 
Turbonilla, 1282 

Turf, protective influence of a layer of, 602 
Turonian, 1182, 1191, 1194, 1196, 1200, 
1204, 1205, 1206, 1207 
Tvrrilejpas, 941 
Turrilites, 1170* 

Turritella, 1117, 1211, 1226, 1253, 1267, 
1277 

Turtle^, fossil, 1231 
Tuscaloosa Formation, 1212 
Tuscan Formation (California), 1272 
Tuscany, lagoons of, 314 
Tuscarora Beep, 41 
Tuvalian group, 1106 
Tylomwrus, 1215 
Tylostoim, 1212 

1257 

1272 

TypotherUi, 1273 

• 

Uinta Group, 1243 

Uinta type of mountain structure, 1368 
XJiutacrinus, 1168, 1193 
Uintacyon, 1229, 1243 
Uintaite, 186 
Uintatheriidae, 1229 
Omtatherium, 1228*, 1229, 1243 
Uintatherium Beds, 1243 
Ullmuuiia, 1065 

Ulmic substances in soil, 450, 598 
Ulmm, 1263, 1292 
Ulodcndron, 1004 
Umia Group, 1160 
TTiwinuLm, 986 
Uiichtes, 985*, 986 

Unconformability, 653 ; deceptive appear- 
ance of, 687* ; examples of, 793* ; account 
of, 820* ; suggested intercontinental extent 
of some examples of, 881 ; value of, in 
mountain-structure, 1372 

v- iv.: -I-.;; 

Underground water, 465 
Xltigida, 926 

Ungulates, fossil, 1227, 1237, 1249, 1255, 
1273, 1295 

Ungulite Sandstone, 926 
Uniformitarionism in geology, 3, 76 
Unio, early forms 1088 ; fossil species of, 
1147, 1185, 1250, 1270, 1294, 1297 
United States, geological maps of, 10 ; sand- 
stones of, 165 ; bauxite of, 169 ; shales 
of, 170 ; petroleum of, 185, 318 ; onyx- 
marble of, 191 ; granites of, 207 : quartz- 
porphyries of, 209 ; rhyolites of, 210, 212, 
213, 306; felsites of, 215; basalts of, 
235, 236 ; greenstone-schists of, 252 ; ex- 
tinct volcanoes of, 278; lava -fields of, 
#305 ; carbonic acid emanations in, 314 ; 
gas regions of} 318 ; explosion lake in, 
325 ; crater lake in, 325 ; crowded cinder 
cones of, 327 ; fissure eimptions in, 344 


349 ; youngest eruptions of, in, 345, 349 ; 
petrographical sequence in (Nevada), 850 ; 
eorthqu^es of, 360, 372 ; uprise of land in, 
882 ; deformation of region of Great -Lakes, 
387 ; gravity measurements in, 396 ; 
range of temperature in, 434 ; erosion of 
lake basins by wind in, 437 ; red earth of, 
458 ; rock-pillars in, 463 ; Bad Lands of, 
464* ; mineral springs of, 471 ; rivers of, 
482, 484, 486, 492, 495, 502, 603, 504 ; 
evaporation and rainfall in, 483 ; lagoons 
and coast barriers of, 513*, 581 ; suit and 
bitter lakes of, 526*, 531 ; frozen lakes of, 
532 ; glaciers of, 540 ; mangrove swamps 
and morasses of, 609 : phosphatic deposits 
of, 627 ; monoclinal lold> in, 674 ; Appa- 
lachian structure in, 676* ; petrographic 
provinces in, 708, 709 ; laccolites of, 736 ; 
volcanic necks in, 748* ; succession of vol- 
canic records in, 761 ; metamorphi«m in, 
803 ; literature of ore depusiis of, SO 7 
United States, Pre-Cambrian rocks of, 906 ; 
Cambrian formations in, 930 ; Silurian, 977; 
Bevonian, 997 ; Old Red Sandstone, 1013 ; 
Carboniferous, 1061 ; Permian, 1080 ; 
Trias, 1109 ; Jurassic, 1169 ; Cretaceous, 
1210 ; Eocene, 1223, 1241 ; Oligocene, 
1249, 1260 ; Miocene, 1261, 1265, 1272 ; 
Pliocene, 1298 ; glaciation of, 1803, 1306, 
1307, 1340 ; loess of, 1353 ; post-glacial 
or recent aeries in, 1361 
Unstratified structure, 136 
Unstratifled Rocks, described, 195 
Upheaval at volcanic centres, 310 ; by earth- 
quakes, 374, 376 ; eifect of, on rivers, 374, 
487 ; secular, 377 ; evidence for, 381 ; 
cjiuses of, 392 ; local, may sometimes be 
due to chemical changes, 400, 453 ; proofs 
of, in Pacific Ocean, 621 ; in Atlantic 
basin, 622 
Ujotcniia, 1151 

Uralian (Carboniferous), 1051 
Uralite, 101 
Uralitisation, 790 
Urao, 190 
Ur&ticlvdys, 1173 

Urgonian, 1186, 1196, 1197, 1212 

Uriconian, 896 

Vrocordylm, 1033, 1068 

Urtmemus, 1031 

Utsus, 1287, 1291, 1297, 1365 

Urns, 1388, 1366 

Utznach, lignites ofi 1338, 1339 

VayvaysUa, 1271 
Vuyinwvran, 940 
VarfitLiUiiLfi, 1133, 1242 
Valleys, longitudinal and transverse, 51, 
1384 ; sometimes begun by earthquakes, 
872, 376 ; possible rate of erosion of, 592 ; 
causes determining direction of, 1384 ; 
not usually ^coincident with synolines or 
faults, 1384*; mainly the work of erosion, 
1384 
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Valanginien, 1196, 1197, 1204, 1206 

Valvakt, 1147, 1287, 1333 

VaZmlina, 1020 

Vamn>i8^ 1296, 1297 

Variolite, 233 

T'«5?ai/7, 1272 

Vectimuru.% 1173 

Vegetation, alleged influence of, in furnishing 
the atmosphere with free oxygen, 36 ; 
conversion of, into coal, 427 ; destroyed by 
animals, 602 
Vein-quartz, 196 

Veins, different kinds of, 738 ; igneous or 
eruptive, 205*, 207, 287*, 738* ; contem- 
imranonus. 738, 741 ; segregation, 741 ; 
or’ MiinlsioriL*, 685*, 759’* ; mineral, 469, 
812 

Vein-stones, 812, 814 
VduUntti 1285 
VenefricardiOi 1231, 1299 
Ye'idriciiUtts, 1166*, 1167 
Vents, volcanic, fissures not necessary for 
production of, 279 ; elevation and sub- 
sidence at, 310, 338 ; linear arrangement 
of, 341, 347. See Necks 
Vemis, 1169, 1267, 1277 
VeTToetiis, 1236, 1283 
V&nieuiliai 986 
Verrucano, 1055, 1076 
VeHGbrwmt, 1059, 1107 
Vertebrata, first traces of, 942 
VeHicordia^ 1283 

Vesicles with liquid and gas in rocks, 143, 
144* 

Vesicular structure, 133, 134*, 272, 306*, 
753, 760 

VeBp&rtiliavKS, 1237 

Vesuviaii type of volcano, 264, 322, 343, 
762 ; successive phases of, 278 
Vesuvianite, 103 

Vesuvius, volcanic phenomena of, 174, 267, 
268, 269, 271, 273, 274, 275, 276,277, 
280, 281, 282, 283, 284, 285, 286, 287, 
288*, 289, 291, 293, 294, 298, 299, 300, 
302, 303, 304, 305, 306, 307, 309, 310, 
811, 312, 823, 326, 832, 342 ; literature 
of, 267 ; section of, 332 ; began as a sub- 
marine volcano, 336 
973 

VihnrniteSf 1213 
Vihimixm, 1164, 1236, 1252 
Viearya, 1185 

Vicksburg Beds, 1242, 1260 
Victoria^ 1223 

Vienna' Bandstone, 1205, 1223, 1239 • 

Villafranohiau Stage, 1292 

Vines, fossil, 1247 

Fzjpera, 1287 

Virgatites, 1157 

Virguliau (Kimeridgiau), 1146, 1148, 1149, 
1153 

Viridite, 167 ^ • 

VUilihgllinn, 1211 
1235 


Vitreous, 89, 131, 139, 196, 272 
Vitrina, 1245, 1362 
VUvHnct^ 986 
Vivara, Isle of, 290, 338 
Vivemi, 1254, 1278 
Vivermvits, 1229, 1243 
Viviaiiite, 107, 831 

1147, 1201, 1230, 1250, 1208, 
1281. 1291. 1297, 1334 
940 

Vogesite, 219, 220 
VdboHlieUa^ 926 

Volcanic action, account of, 262, 276 ; not 
necessarily d»‘i ii-i-jiIimI, 280, 352, 3,55; 
connection •)!’, wiih miiiosphenc pressure, 
281-283: supposed rcljition of, to sun-spots, 

283 ; pernMlicity ol’. 2^:! ; paroxysmal, 

284 ; influence of, on springs, 285 ; steam 
in, 266, 285, 286, 291 ; explosiniis of, 
289 ; connected with sub*,ideiici* and 
elevation, 310 ; to be studied in connec- 
tion with its ancient manifestations, 320 ; 
submarine, 332-342 ; sequence of erup1ia<l 
materials in, 339, 349, 706, 886 ; in past 
geological time, 34S ; qiiioscencc of, in 
Mesozoic time, 348, 349, 1082 ; causes of, 
351 ; pos8il3ly connected with earth 
movements, 358 ; relation of, to earth- 
quakes, 369 ; cycles of, 713 j relative 
dates of, shown by fossils, 720 ; recortls 
of ancient submarine, 755^-758* ; reconls 
of subaerial, 758* ; destruction of life, 
caused by, 828 ; terrestrial features due 
to, 13/0 

Volcanic cycle, 713 

Volcanic fragmental rocks, 172, 273, 276, 
292 ; conos, 264, 320, 1375 ; gases and 
vapours, 265 ; sublimates, 269 ; water, 
270, 311 ; steam, 285, 286 j explosions, 
289 

Volcanic islands, literature of, 33G ; marine 
erosion of, 333, 334, 339 
Volcanic rocks, petrography of, 196-248 ; 
occurrence of, in modern volcanoes, 262- 
868 ; alternation of basic and acid, from 
same vent, 712, 764, 761 ; occurrence of 
in architecture of ,eaitir« crust, 71l>, 753 ; 
intrusive, 721 ; coiiternporajieov ’ 753 ; 
quiescence of, during Mesozou*‘<timc in 
Europe, 761 

Volcaulsm, Volcanicity, 262, 320 
Volcanoes, os evidence of the earth’s internal 
heat, 60 ; detailed account of, 262 ; 
definition of term, 263 ; drilling of vt*uts 
by, ’263; fissure eruptions of, 264, 342 ; 
Vesuvian type of, 264, 322, 343, 762 ; 
products of, 265 ; active, donuaut, anti 
extinct, 277 » sites of, 278 ; not necessarily 
dependant on lines of tlssurc, 279 ; ordi- 
nary phase of active, 281 ; conditions of 
^ eruption of, 281 ; periodicity of activity 9$^ 
283 ; paroxysms of, 284 f general setiueuce 
of events in eruptions of, 284; discharges 
of iucaudesceut dust from, 286 ; traces o 



INDEX OF SUBJECTS 


1471 


earliest eruptions of. 292 ; ejeotiou of dust | 
and stoiu-s iroiii, 2! ‘2 ; emission of lava 
from, 296 ; elevation and subsidence at, 
310 ; solfataric stage of, 278, 289, 313 ; 
structure of, 319 ; monogene and poly- 
gene cones of, 322, 324 ; Bedded and Borne, 
324 ; calderas of, 290, 324, 326 ; 

“ Massive,” or “ Homogeneous,” 330 ; 
most frequent structural type of, 330 ; 
parasitic cores of, 326, 331 ; sxibmarine, 
332 ; ubiiiidanc over the oceans, 340 ; 
sequence of petrograph.ic typos at, 339, 
3w, 712, 764, 761 ; linear grouping of, 
341, 347 ; geographical distribution of, 
346 ; number of active, 346 ; distribution 
of, in tinie, 348 ; records of three types 
of, in geological history, 763 ; plateau 
type of, 763 ; puy type of, 764, 1044 
Volga River, affected by earth’s rotation, 
23 ; slope of channel of, 486 
Volgian Stage, 1157, 1207 
VoIkmannUtt 1036 
Voiisia, 1065, 1086, lOSe"" 

Voluta, 1231, 1261, 1271, 1277, 1286* 
VolutiiUhes, 1170, 1225* 1248 
Volmria.^ 1237 
Vulcanello, 323* 

Vulcauo, 267, 269, 274, 275, 282, 283, 299, * 
300, 303, 318, 314, 339 
VuMfa, 1233 
Vulsiiiite, 227 

Waai/enocen(>8f 1067 
Waccamavr Group, 1298 
Wacko, 168 
Wad, 97 

Wadhurst Olay, 1184 
Wagtails, fossil, 1254 
Waipara Formation, 1246 
WMm, 1029, 1065 

Wa/dheimia, 990, 1186, 1245, 1261, 1800 
Walnut, fossil, 1165, 1276 
Walrus, fossil, 1287 
Warniiuster Beds, 1182, HSO 
Wasatch Group, 1248 0L t » 

Washita Formation, 12ll^ i \ 

Water, vapour of, in atmos]mere/ 87,* 44^ 
dimirr'^'^s thermal resistance of rocks, 
64 ; -portion ofji in older iJhrt of 
earth’s crust, 87; ajfer^ijin of lidkkby 
meteoric, 156, 448flli^6iv, 8l8 
ence of, in volcanjip action, 266, 270, 
853 ; drainage tFeranged’ bjTliiva-streams, 
309 ; influence of heated, 409 ; presence 
of, in all rooks, 409 ; permeating power 
of, increased by heat, 410 ; solvent power 
of, 410 ; tl-;'! pov.ir rv.-s-i.-'i by carbonic 

acid, 411 ; .ir. I 'y ill : behaviour 
of, at high temperatures, 418 ; ' never 
chemically pure, 414 ; three conditions 
447 ; circulation of, over the surface 
of the globe, 446 ; underground circula- 
tion of, 466 ; soft and hard, 470 ; com- 
position of river, 488 ; chemical composi- 


tion of, in relation to mineral matter in 
suspension, 491, 495, 522 ; result of 
commingling of salt and fresh, 491, 611, 
575 ; freezing of, and consequent expan- 
sion, 531 ; expulsion of, in contact- 
metamorphism, 768 ; subterranean circu- 
lation of, invoked in explanation of 
mineral veins, 809 

Waterlalls, sometimes caused by earthquakes, 
874 ; relation of, to rocks of channel, 
485 ; causes of, 500, 502 
Water-ice, 189 

Water-level, alteration of, 446, 656, 562 ; in 
underground rocks. 466 
Water-lilies, fossil, 1261, 1270 
Water-lime (Silurian), 977 
Watersheds, 1383 ; less permanent than 
drainage lines, 1383 ; migration of, 
1883 

Waterstones (Trias), 1091 
Waves, earthquake, 861 ; raised in the sea 
hy earthquakes, 376 ; on the sea, 661, 
567-674 

Weald, delta of, 1181, 1185 
Wealden Series, 1182, 1183, 1184, 1198, 
1203 

Weasels, fossil, 1249 

Weathering, general account of, 458 ; ex- 
amples ot; 93, 95, 96, 97, 98, 99, 101, 102, 
106, 108, 141, 208, 210, 810, 449, 461, 
452, 456* 762* 1377, 1378* 1380* ; 
universality of, 110, 764 ; aids ft’om, in the 
investigation of rocks, 110 ; depth of, 
111, 452 ; caused by rain, 449 ; rate of, 
451, 452, 458 ; importance of, in search 
for fossils, 849, 851 ; varying influence 
of, in the excavation of valleys, 1385 
Wehrlite, 240 
Weichsdia, 1186 
Weiss-stein, 258 
Wells, 467 

Wemmelian, 1234, 1288 
Wengen Beds, 1101, 1102, 1106 
Wenlock Group, 945, 953, 966 
Werfeii Beds, 1101, 1102, 1106 
Westphalian (Carboniferous), 1051 
Whales, fossil, 1261, 1287, 1316 
Whet-slate, 171, 172 
Whin Bill of Northumberland, 7S3* 

White, as a colour of rocks, 188 
White-leaved-Oak Black Shales, '923 
Wliite Lias, 1094 
White River Series, 1249, 1260 
White tx-ap, 741, 775 
^Yh^1fuWhf, 962* 

Wklitruit]t(niia^ 125$ 

W'lddriiigUmUes^ 1096, 1257 
Widmanstiitten figures in meteorites, 17 
WllliaDmiiia, 1112, 1118* 

Willow, fossil, 1166, 1204, 1224, 1247, 
1276, 1287 ; Arctic, 1288 
Wilsonicit 966, 986 

Wind, transporting jpower of, 302 j measure- 
ments of velocity of, 432 ; geological 
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effects of; 434 ; transporting capacity of, 
435 ; transports volcanic dust to great 
« distances, 293, 295, 445 ; transports seeds, 
445 ; indications of direction oi; 
preserved among sedimentary strata, 
644 

Wolf, fossil, 1287, 1836, 1366, 1358 
WoUastonite, artificial production of; 411, 
413 

Wombats, fossil, 1299 

Wood, conversion of, into coal, 427 ; fossil, 
474*’ ; abundant drift o^ in ArctiQ seas, 
581 ; fossilisation of, 830 
Wood-opal, 95 
Woodoorimis, 1022 
Woodpeckers, fossil, 1254 
Woodstock Group (Eocene), 1241 
Woolhope Limestone, 953, 955 
Woolwich and Reading Beds, 1229, 1230 
Worms, transport of soil by, 460, 600 
Wurtzilite, 186 

1231 

-V' miihfu'tifij 1057, 1108 
Xeuonths, 776 
Xenomorphic, 89 
Xenon in air, 36 
XemphorcL^ 1282 
Xiphocaria, 959 
Xiphtulouf 1234, 1263 
Xiphoteulhia, 1137 
Xylohius^ 1032 
Xylotile, 105 

Yakutsk, frozen soil o^ 60, 61, 62 / 

Yang-tse-Kiang, 606 . •*< 

Yellow as a colour of rooks, 139 
Yellow River, 506 j 


Yellowstone National Park, 273. 306, 316, 
317, 319, 360, 484, 610 
Yew, fossil, 1287, 1338 
Toldia, 1215, 1272, 1286, 1316, 1330* 
Yoldia-Clay, 1333 
Yorktown Beds, 1272 
Ypresian, 1284, 1285, 1236 

TucGiUSy 1206 

Zainiophyllum^ 1210 
Z r: ,• ■^.1158 
1086 

Zamites, 1086, 1165 
Zanclean, 1291, 1292 
Zandodon^ 1089 

Zante, bituminous eruptions at, 358 
Zaphrmtia^ 984, 1017*, 1021 
Zechstein, 1064, 1072 
Zdlania^ 1136 

Zeolites, 99, 104 ; formation of, in Roman 
bricks, 411 ; can be formed in ice-cold 
water, 411 ; artificial production of, 414 ; 
formation of, in ocean - abysses, fiSO, 
686 

Zenglodoih 1242 
Zinc, in ironstone, 188 
Zinnwaldite, 101 

Zircon, 104 163, 164 ; artifically formed, 
413 

Zkiphiis^ 1258 
Zoisite, 99, 103, 790 

Zones, palfflontological, 843, 860. For ex- 
....^^ples aec the account of the Mesozoic 
./fpspiations in Book VI. puashit . 
Z&ifierv^ee, projected reclamation of, 616 
ZygoMh^^ 1066 
Zygo8%mi8, 1068 
I Zygo^^^ 940 
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